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Master 
of Matter 


industrial chemist, master of matter, has put lead to work. He takes smelted lead—a handsome, 
but stolid looking metal—and makes it perform hundreds of essential jobs in almost as many essential 
industries. 

Lead the metal goes into bearing metals, solders, roof flanges, sheathing for electric and telephone wires, 
pipes and fittings. Lead compounds make paints, paint pigments, oxides for many industrial uses, and for 
protecting all surfaces from wear and weathering. Everything painted, every machine that runs on bearings, 
every home, almost every industry benefits from the skill of the industrial chemist who is constantly at work 
perfecting the uses of lead. 

Lead and zinc flow sheets are available free —also other valuable data on lead and its products for class 
room use. Write The Eagle-Picher Lead Company, 134 North La Salle Street, Chicago. Eleven Plants. 


Branches in all principal cities. 


EAGLE-PICHER 


Producers of Lead and Allied Products 
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A group of Ingersoll-Rand Drifter Drills 
at work on ihe Cascade Tunnel job 





One Million Dollars aY ear 


A new 8mile tunnel, running straight 
through the heart of the Cascade Mountains, 
will ultimately save over $1,000,000 a year for 
the Great Northern Railroad. 


















It is the urge of this possible saving that calls for the comple- 
tionof the tunnel within the amazingly brief span of three years. 
The contractor has accepted this wager against time and is 
making records that have already aroused world-wide interest. 


At the Mill Creek and East Portal sections of the job, 
Ingersoll-Rand R-72 Drills are used extensively. These rapid, 
sturdy, dependable drifters have more than held their own, 
making it possible to attain a daily footage of sometimes 40 feet. 


The R-72 Drifter 
























In every heading, 24 hours a day, the drill crews and 
muckers are going into and through the rock. The race is one 
in which the keenest sort of rivalry prevails among the 
competing crews. It is a sporting contest that never lags—a 
contest calling for untiring effort and the very finest tools. 


Throughout the world you will find I-R Drills on just such 
jobs as this. Built in many sizes and types, they are suitable 
for rock-drilling tasks in every kind of engineering work- 


























INGERSOLL-RAND COMPANY—11 BROADWAY, NEW YORK CITY 
Offices in principal cities the world over 
For Canada Refer—Canadian Ingersoll-Rand Co. Limited, 10 Phillips Square, Montreal, Quebec 


Ingersoll-Rand 
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ONTRACTORS naturally expect an organization 
which builds dependable pavers, mixers, gasoline 
shovels and cranes, to build staunch draglines. Drag- 


1| 
Ss lines, more than any other machine, are often used far from 


€ 
1 the sources of supply where dependability is all important. 
Heavy Duty construction, which has given the Koehring 
Dragline. Along with this rugged construction, Koehring 








Paver its predominant position among contractors in all 
parts of the country, is built into the Koehring Gasoline 
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design has accomplished simplicity and accessibility. 
There are no service stations in the swamps — replace- 
ments must be quick and easy! 


In reclamation service, irrigation or drainage work, the 
Koehring Dragline with fast, smooth action under Finger 
Tip control advances mile after mile, making straight, 
accurate ditches without a delay for repairs. 


Every Koehring product built for dependable service! 


“Concrete — Its Manufacture KOEHRING COMPAN Y 


and Use” is a 210 page treatise 
MILWAUKEE, WISCONSIN 


on the uses of savig g agg including Manufacturers of Pavers, Mixers—Gasoline Shovels, Cranes and Draglines 
26 pages of tables of quantities 


of materials required in con- 
crete paving work. To engineer’ 
ing students, faculty members 
and others interested we shall 
gladly send a copy on request. 
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4. Baker River Development, Puget Sound Power & 
Light Co., Seattle, Washington 


5. Twin Cities Plant, Ford Motor Company, St. Paul, 


Minnesota 


6. The First National Bank of Boston, Buenos Aires 
Branch, Buenos Aires, Argentine 
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The National Bureau of Standards 


A survey of the opportunities this organization offers to the technical graduate 


HE National Bureau of Standards 
offers to the technical graduate 
who enters its employ much more 

than the equivalent of a post-graduate 
course, and to the man with an ad- 
vanced degree there is presented an 
unparallelled opportunity for research 
in his chosen field. I know of no place 
in this country where quite the same 
conditions exist. 

The Bureau’s work is such that it is 
the natural focal point in the United 
States for investigational work in the 
many lines which it covers. Its staff 
consists of men and women who are 
enthusiasts in their professions and 
contact with them cannot help but 
serve as an inspiration to all their 
associates. 

Since the Bureau was established 
twenty-six years ago, the policy of 
promoting those who show ability to 
the highest positions on the staff has 
been strictly followed. If, for any rea- 
son, no one on the staff has been 
available to fill an important vacancy, 
the advice of the best minds in the 
country has been obtained in picking 
out a man from outside the Bureau. 

While of course we prefer to have 
men join our staff who expect to re- 
main with the Bureau, it must be ad- 
mitted that experience at the Bureau 
has been a stepping-stone to many im- 
portant positions in industry and in 
our educational institutions. That the 
value of such experience is appreciated 
by our large industrial groups is proved 
by the number who send research as- 
sociates to the Bureau for work on 
particular problems. We have more 


than sixty of these associates working 
in our laboratories, representing over 
thirty industrial groups. 

The broad field covered by the Bu- 
reau makes a position on its staff an 
attractive one to almost any scientific 





By Grorce K. Burcesss 96 


Director National Bureau of Standards 


or technical graduate. The work in- 
cludes fundamental research in prac- 
tically every branch of physics and 
many branches of chemistry, metal- 
lurgy, and engineering. The techno- 
logic work includes research on basic 


During the twenty-six years of its existence, the 
Bureau of Standards has done as much as, or per- 
haps more than, any other agency to introduce and 
encourage scientific work in connection with indus- 
try. Its work has enabled many units of industry to 
organize research work by supplying them with stand- 
ards, methods of measurement, and the scientific data 
upon which such work must necessarily be founded, 
and without which it is extremely difficult and expen- 
sive to carry oul. The Government through its various 
laboratories and scientific organizations assists the 
public in many directions. The Bureau of Stand- 
ards is one of those activities which every scientific 


investigator, engineer, or manufacturer should know 
about and be able to utilize in time of need. It is a 


great storehouse of information in the fields of physics, 
chemistry and technology. The Bureau is fortunate 
in having as its head Dr. George K. Burgess, a 
graduate of the Institute, who is thoroughly familiar 
with the importance of standards, methods of meas- 
urement, and fundamental data in these fields. 





problems underlying the use of struc- 
tural materials of all sorts, the devel- 
opment of improved methods, and the 
use of new materials and technique. 
In addition, a large amount of testing 
is performed for the Federal and State 
governments and for the public, thus 
keeping the staff in close touch with 
the latest developments in commercial 
work. 

Although the Bureau is a great re- 
search laboratory, it is not isolated, 
but is constantly in touch with the 
producers and consumers all over the 
country. 

There are nearly seventy sections in 
the Bureau’s organization, each de- 
voted to a special line of work. On 
first thought it might appear that each 
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of these would be somewhat cut off 
from the others. This is not the case. 
Frequently a major research will re- 
quire the codperative efforts of many 
sections, and even in the ordinary test- 
ing of materials, nearly always at least 
two sections, in physics and chemistry 
for example, are involved. Regular 
reports on the progress of work are 
required which are made available to 
all divisions of the Bureau. In addi- 
tion, weekly meetings are held during 
the winter, and are attended by all 
members of the staff. The progress of 
work is described and future plans dis- 
cussed. 

To my mind there can be-but one 
answer to the question, “Is the Bureau 
of Standards in a position to help the 
technical graduate?”’ By all means, 
Yes. As to the matter of salaries, 
which after all must be considered, the 
entrance salary for the graduate of a 
technical school is $1,860 per year. 
While this is not a very large sum, it 
is probably on a par with what he 
could get in other lines, particularly 
when it is remembered that this is for 
a man just out of college without other 
experience. Promotion is by regular 
grades to the highest salaries paid by 
the Bureau to its division chiefs, 
$5,200 to $7,500. All members of the 
staff have an equal chance to secure 
the best which the Bureau can offer. 
All employees are on a Civil Service 
basis and selection is made as the re- 
sult of competitive examinations. The 
Bureau’s employees come from every 
part of the country, which in itself 
has a broadening effect on the younger 
members of the staff. In this, as in 
some other ways, the influence of the 
Bureau is much like that of a higher 
educational institution. 

For those who desire to continue 
their studies with the object of secur- 
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ing a master’s or doctor’s degree, spe- 
cial educational courses are provided 
which are held after hours at the 
Bureau. This work is in charge of a 
special committee, and recognized au- 





PRIMARY STANDARDS 


The national standards of length and mass 
of the United States. 


thorities aresecured to givethe lectures. 
Many of the lecturers are from out- 
side the Bureau, and some have even 
come from abroad, the committee mak- 
ing it a point to keep in touch with all 
those who may be able to visit the 
Bureau for this purpose. 

The educational work of the Bureau 
is recognized by several universities 
and is given proper credit in securing 
an advanced degree. Forty-seven men 
have thus obtained the doctor’s degree 
based on work done here. 

Having outlined briefly the oppor- 
tunities which the Bureau offers to the 
technical man, it may be of interest to 
describe in greater detail the Bureau’s 
organization and activities. 

The functions of the Bureau are the 
development, construction, custody, 
and maintenance of reference and 
working standards, and their inter- 
comparison, improvement and appli- 
vation in science, engineering, industry 
and commerce. 

Standards are divided 
classes, as follows: 

(1) Standards of Measurement 
(measurements of length, mass, and 
time). 

(2) Standard Constants (mechanical 
equivalents of heat and electricity, 
constant of gravitation, etc.). 

(3) Standards of Quality (specifica- 
tions for materials). 

(4) Standards of Performance (oper- 
ative efficiency of machines and de- 
vices). 

(5) Standards of Practice (safety 
codes for technical regulation of con- 
struction and operation of equipment). 
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The organization of the Bureau is 
based not upon the classes of standards, 
but upon the kind of work. Experts in 
similar lines of work are grouped in 
various divisions, of which there are 
eleven devoted to scientific and tech- 
nical work, and others to care for the 
shops and operation of the -Bureau’s 
plant. 

These major divisions of the Bureau 
are subdivided into sections, the sec- 
tions being the working unit which 
deals with some particular class of 
problems, such as time measurements, 
electrical measuring instruments, tex- 
tiles, etc. It would take entirely too 
long to tell you about the work of every 
section, but I will pick out a few lines 
which may be taken as typical of the 
Bureau’s work as a whole. 

The Weights and Measures Divi- 
sion is the basic division of the Bureau, 
a natural outgrowth of the work of the 
old office of weights and measures in 
the Treasury Department. This divi- 
sion has the custody of the national 
standards of length and mass of the 
United States, upon which all our other 
standards depend. 

In this connection, I may say that 
we have ruled precision stales, for a 
manufacturer of high-grade tools, di- 
rect from light waves with an accuracy 
so great that there was no measurable 
error in the finished scale. Precision 
gauge blocks, the master length stand- 
ards of our automobile manufacturers, 
etc., are likewise tested by optical 
methods with wonderful accuracy. 

The Bureau owns four sets of equip- 
ment for testing railroad master scales 
and commercial track scales. The 
charges for all the revenue freight 
moved in this country, a matter of 
over four billion dollars per year, de- 
pend on the readings of these scales. 
In 1914, when we started this work, 
only 38.2 per cent of the scales tested 
were within the limits of error set by 

the Bureau as an acceptable standard 
of performance. During the fiscal 
year 1926 we tested 15 master scales 
and 980 commercial track scales. Of 
the last-named, 65.4 per cent were 
within the tolerance. The importance 
of such an improvement is obvious. 

The necessity for a laboratory fitted 
to deal with the basic standards in 
electricity was one of the strongest ar- 
guments for the establishment of the 
Bureau. The field covered is very 

extensive, including the establishment 
and maintenance of the fundamental 
electrical units, such as the volt, am- 
pere and ohm; the testing of electrical 
measuring instruments, lamps, batter- 
ies, etc.; the investigation of important 
problems in the electrical field; and the 
preparation of safety codes covering 
the electrical and other industries. 
One of the sections of this division 
deals wholly with radio communica- 
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tion, and many important improve- 
ments in this rapidly expanding field 
have been developed at the Bureau, 
The radio direction finder, now largely 
used in navigation, the radio beacon. 
the quartz oscillator, and many other 
developments were invented or per- 
fected by Bureau of Standards em- 
ployees. Just now, a great deal of 
attention is being given to the elimi- 
nation of interference in broadcast 
reception, the control of frequency of 
transmitting stations and the develop- 
ment of radio beacons for aerial navi- 
gation. 

Lately much attention has been 
given to the problem of automobile 
headlighting. In coéperation with nu- 
merous states and cities, a considerable 
improvement has been brought about 
in this matter. 

The work of the automotive power 
plants section of our Heat and Power 
Division is of special interest to engi- 
neers. This section conducts investi- 
gations of the performance of all sorts 
of internal combustion engines, in- 
cluding those used in aircraft and 
automobiles. Automobile engines are 
not only tested in the laboratory, but 
complete records of car performance 
on the road are secured by special 
apparatus. Through such work the 
efficiency of automobile engines is be- 
ing increased, with a consequent in- 
crease in miles per barrel of crude oil. 

In the altitude laboratory, aircraft 
engines are tested under conditions en- 
countered during an actual flight. The 
low air pressure and temperature exist- 





THE LARGEST TESTING MACHINE 
IN THE WORLD 


Capacity 10 million pounds in compression. 
The specimen under test is part of a column for 
the Delaware River Bridge. 


ing at high altitudes can be“duplicated 
in a chamber specially designed for 
this work. Aircraft engine testing was 
started when we first entered the war, 
and for some time the Bureau’s/alti 
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tude laboratory was the only one of 
this kind in the world. 

It may seem a far cry from engines 
to thermometers, but the establish- 
ment of standards for each involves 
heat and temperature measurements. 
The Bureau tests many thousands of 
thermometers each year, as well as 
pyrometers and other heat and tem- 
perature measuring instruments. One 
section of this division is concerned 
with the fire resistance of structural 
materials. Actual building materials, 
including full-sized walls and partitions, 
are tested in special furnaces, and the 
intensity and duration of fires are 
studied in special test houses. These 
are completely furnished with dis- 
carded material to simulate any de- 
sired occupancy, and are then set on 
fire. The temperatures attained are 
indicated by means of thermocouples 
and the time the fire burns is noted. 
Through this work better building 
construction is being brought about 
with a reduction of our tremendous 
fire loss, which amounted to $500,000,- 
000 last year. 

The work of the Optics Division 
includes such important subjects as 
spectroscopy, the investigation of sugar 
production and testing methods, the 
design and improvement of optical in- 
struments, and the use of light inter- 
ference in precise measurement. The 
spectroscope reveals to us the com- 





DR. GEORGE K. BURGESS, ’96 
Dr. Burgess took Dr. Stratton’s place as 
Director of the Bureau of Standards when Dr. 
Stratton became our President. 


position of the sun and stars, showing 
us that vast as is the visible universe, 
it is made up almost entirely of ele- 
ments with which we are familiar here 
on earth. In addition to telling us the 
constitution of a\star hundreds of light 
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years away, the spectroscope is the 
most accurate known means for analyz- 
ing metals and will reveal traces of 
substances which cannot be found at 
all by chemical analysis. 
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ing value of gas of different composi- 
tions, etc. Assistance has been given 
various municipalities in determining 
the responsibility for some cases of 
carbon monoxide poisoning. 





TEST ON A BURNING HOUSE 
One of the fire test houses in which the intensity and duration of fires in buildings are studied. 
The house is furnished to simulate any desired occupancy and is then burned out. 


By means of an extremely sensitive 
thermocouple the surface temperatures 
of the planets have been measured, and 
results secured which may eventually 
lead to a determination of whether life 
exists on other members of the solar 
system. 

A special camera was recently con- 
structed by the optical instruments 
section which photographs the interior 
of a rifle barrel. Thus, progress of 
erosion with service can be studied 
without sawing the barrel in two, as 
has been done heretofore. 

The work of the Chemistry Division 
covers a great variety of subjects, 
many of the investigations being car- 
ried out in codperation with other di- 
visions of the Bureau. A great deal of 
the testing in connection with the 
preparation of government specifica- 
tions is performed by this division. 
Standards for paint and varnish, rub- 
ber, cement, reagents, etc., have been 
established. The electrochemistry sec- 
tion has done some interesting and 
valuable work, including the develop- 
ment of a process for chromium plating. 
This is being used by automobile man- 
ufacturers, by makers of precision 
gauges, and for coating the steel elec- 
troplates used for printing our cur- 
rency. Even the case-hardened steel 

plates wear out very rapidly, but by 
covering the surface with chromium, 
the hardest metal known, their life is 
greatly increased. Another section 
deals with gas appliances, and has 
made a study of the proper utilization 
of gas in domestic appliances, the heat- 





The work of the Mechanics and 
Sound Division includes the testing of 
mechanical appliances, such as elevator 
interlocks, fire extinguishers and water 
current meters, the investigation of 
the soundproofness of building ma- 
terials, the development and testing 
of aeronautic instruments for the air 
service, the study of the aerodynamic 
properties of structures, and the deter- 
mination of the strength of fabricated 
metals, rope, and cables. 

Studies made in the sound laboratory 
have yielded valuable data on ways for 
rendering walls and floors more resist- 
ant to the passage of sound, so even- 
tually you may be able to play a saxo- 
phone in a small apartment without 
incurring the wrath of your neighbors 
and the danger of a visit from the 
janitor. The performance of all sorts 
of devices and structures which must 
function in a wind stream are studied 
in three wind tunnels. One of these is 
36 inches in diameter, and in it a wind 
speed of 180 miles per hour can be 
maintained. The second tunnel is 
octagonal in form with a cross section 
54 inches between sides. The third 
tunnel is 10 feet in diameter. The 
maximum wind speed possible in these 
last two tunnels is about 80 miles per 
hour. Many models of aircraft, aerial 
bombs, tall buildings, and chimneys 
have been studied by means of this 

equipment. 

Current meters are used for meas- 

uring the flow of water in rivers and 

open channels. At the Bureau they 
(Continued on page 232) 
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Balancing of Rotating Bodies 


A discussion of the principles involved in mechanical balancing, with a 
description of the various tvpes of balancing machines 


HE term “mechanical balanc- 
I ing,” being frequently referred 
to as the general process of 
eliminating vibrations in high speed 
rotating machines, has acquired a 
meaning somewhat beyond the limits 
of the subject. Without attempting 
to minimize the importance of the 
balancing process, considered in its 
restricted sense, it must be stated at 
the outset, that mechanical balancing 
is only one of the many corrective 
measures, which are used in the impor- 
tant field of mechanical engineering 
known as vibration elimination. 
Vibrations in rotating machinery in 
general are objectionable for several 
reasons. First, there is a certain psy- 
chological element which causes the 
owner of a machine to object to vibra- 
tions, without any definite analysis of 
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whether or not the consequences of 
the vibrations are detrimental to the 
functioning of the machine, or to the 
well being of its attendants. Second, 
there is the more justly founded objec- 
tion of the vibrations admittedly caus- 
ing physical discomfort to the persons 
subjected to them. Third, there are 
objections founded on sound scientific 
reasoning, where it is feared that the 
vibrations will cause failure of parts, 
due to stress reversals. 

The manufacturer of rotating ma- 
chines is seldom, if ever, in a position 
to dispute the validity of the customer’s 
claims, because neither he nor the cus- 
tomer, is able to establish definitely 
the limits of intensity which may be 
permissible. To take chances willfully 
on experimenting with these limits, 
even if valuable engineering informa- 
tion could be acquired in so doing, is 
too costly a procedure, because the 
limits are found by failures only. Thus, 
the manufacturer more or less tacitly 
takes the attitude that his product 
must meet his customers’ demands on 


By C. Ricuarp SopDERBERG 20 


Section Engineer, Mechanical Development 
Section, Power Engineering Department, 
Westinghouse Electric and Manu- 
facturing Company 


smooth operation, independently of the 
engineering principles involved. 

In this manner there has been 
created a certain tolerance of vibra- 
tion intensity, an example of which is 
roughly indicated by the curve shown 
in Fig. 1. This curve illustrates the 
amplitudes of vibration, which are con- 
sidered permissible at the various fre- 
quencies for general central station 
applications. It is seen from this, that 
while at 3600 cycles per minutes, the 
tolerable amplitude is only about .3 x 
10° inch, at 600 cycles per minute it 
may be about 2 x 10° inch. 

These limits apply to sinousoidal 
motion only, and must not be con- 
sidered as absolutely inflexible. Cer- 
tain types of apparatus, as for example 
direct current machinery, demand for 
their successful operation considerably 
smoother performance. The figures 
are given here to illustrate the order 
of magnitude of the motions that are 
involved in industrial vibration prob- 
lems. They do not represent vibration 
intensities which are commonly en- 
countered in electrical machinery, be- 
cause the majo ity of machines operate 
well below this limit, but they repre- 
sent limits beyond which the apparatus 
in question will be considered rough. 


The Balancing Process 


The operation known as mechanical 
balancing of rotating bodies consists 
in rearranging the mass distribution of 
the rotating body, with respect to the 
axis of rotation, in such a manner that 
the centrifugal forces constitute a bal- 
anced system. In somewhat more ac- 
curate language, its purpose is to make 
the geometrical axis of rotation a free 
axis. 
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A body (Fig. 2) is rotated in two 
bearings A and B. This rotation will 
be accompanied by centrifugal forces 
F in each mass element of the rotor, 
which all emanate from the axis of 
rotation A-B. The system of centri- 
fugal forces thus set up may be inter- 
nally balanced, in which case there are 
no other reactions upon the bearings 
A and B than those due to gravity and 
external forces. If the system of forces 
is not internally balanced, however, it 
will manifest itself as two radial forces 
F, and F,, acting upon the bearings, 
and rotating with the body. These 
rotating reactions are the two result- 
ants of the entire system of centrifugal 
forces. They arise from the combined 
effects of all the mass elements of the 
rotor, and may be considered equiva- 
lent to two forces F, and Fx, acting in 
any two planes of the rotor. 





The ultimate effects of these reac- 
tions depend upon their magnitudes, 
and the elastic properties of the shaft 
and the bearing supports. If the rotor 
shaft is very flexible the rotor body 
will tend to rotate around its own free 
axis, and the reactions upon the bear- 
ings will be restricted to the flexural 
resistance of the shaft. The flexure of 
the rotor shaft is always of importance, 
but the consideration of this feature 
forms another chapter of the vibration 
problem, namely, the subject of critical 
speed in rotating bodies. In most prac- 
tical cases, however, the balancing 
problem can be treated from the point 
of view of a rigid rotor shaft. 

If the bearing supports are rigid, 
the centrifugal reactions have no vis- 
ible influence, except insofar as they 
change the bearing pressures. The 
bearing supports are never perfectly 
rigid, however, and the centrifugal re- 
actions will produce certain oscillatory 
deflections of the bearing supports. 
The frequency of these oscillations is 
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that of the rotation. The object of 
balancing the centrifugal forces is to 
eliminate or reduce the amplitudes of 
these oscillations of the bearing sup- 
ports, and the resulting secondary vi- 
brations of other parts of the structure. 

Now, if it were possible to apply 
rotating masses in the plane of the 
bearings, it is evident that the forces 
F, and Fx, could be compensated by 
suitable masses M, and Ms; (see Fig. 2). 
Generally, this is not possible, but the 
system of internal centrifugal forces 
may be compensated by numerous 
other methods, two of which are used 
in practical balancing. 

The most obvious method is to com- 
pensate the resultants F, and F, (Fig. 
2) by two suitable masses M, and M, 
in two arbitrary planes C and E of 
the body. It is evident from the nature 
of the problem that this leads to a 
minimum of correction weights, at 
least two forces being necessary to 
compensate the general state of un- 
balance of the system. 

Another method (Fig. 3) consists in 
replacing the general system by its 
resultant force Fg and resultant couple 
F,)—Fp. The former is applied in the 
plane of the centre of gravity of the 
body, and the latter in any two other 
planes. Since it is not always possible 
to place the correction in the plane of 
the centre of gravity, the same result 
can be obtained by applying Fg in 
any other plane, and then modifying 
the couple in an appropriate manner. 
This method was the one originally 
used in shop balancing, and led to the 
terms static balancing and dynamic 
balancing. The former applied to the 
method of obtaining F, by rolling the 
rotor on parallel rails, and the latter 
to the method of determining the 
couple by rotation in a balancing ma- 
chine. The term dynamic balance has 


gradually acquired the meaning of. 


balancing in balancing machines gen- 
erally. 
The available methods of balancing 


* Zeitschrift fiir das Gesamte Turbinenwesen> 
October 11, 20, and 30, and November 10, 20, 
and 30, 1911. 

t Trans. A. S. M. E., 1916, Vol. 38, page 367. 
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are all based upon one or the other of 
the above representations of the gen- 
eral problem. The modern balancing 
machine depends for its success upon 
two principles. The first involves the 
application of the resonance phenom- 
enor. for the magnification of the 
amplitudes of motion, and the latter 
is represented by the use of compen- 
sating devices on the balancing ma- 
chines, whereby the temporary correc- 





tion weights can be varied at will, 
both in magnitude and location, during 
rotation of the body. The use of the 
resonance principle was known at an 
early time, but the first description of 
a balancing machine based on this 
phenomenon was published in 1911 by 
Lawaczeck.* The method of using 
variable compensating weights is due 
to Akimoff. [ 

Before these principles were intro- 
duced, it was customary first to apply 
the static correction by using parallel 
rails. Then the dynamic correction 
was obtained by cut and trial, for which 
purpose the rotor was mounted in its 
regular bearings, and rotated at normal 
speed. The difficulties which, at that 
time, accompanied the balancing proc- 
ess, were due to the fact that the con- 
straints of the bearing supports were 
disregarded. The location of the un- 
balance was obtained by marking the 
shaft, but the phase displacement be- 
tween motion and unbalance was not 
understood by the operators and could 
not be taken into account. The seem- 
ingly erratic variation of this phase 
angle mystified the operators, and the 
most successful guesser was regarded 
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as a man with a sixth sense. Since both 
bearings were vibrating simultaneously, 
the actual motion of the rotor was, in 
reality, very complicated. The prob- 
lem became greatly simplified when 
someone conceived the idea of increas- 
ing the flexibility of the bearing sup- 
ports, and attempting to balance one 
end of the rotor while locking the other 
end. This created the shop tool which 
at the present time is known as the 
balancing machine. 

It is worth noting, that these methods 
are by no means discarded today. 
There are numerous cases where bal- 
ancing machines are not available, or 
where they cannot be applied. The 
most important of these cases occur 
when large machines must be balanced 
in the customer’s plant, and when the 
distortion of the rotor is great enough 
to affect the balance. As a matter of 
fact the “successful guesser”’ is in fully 
as great a demand today as twenty-five 
years ago. 


Different Constructions of 
Balancing Machines 

Figs. 4, 5 and 6 show three different 
schematic arrangements of balancing 
machines, which involve features com- 
mon to all balancing machines. 

In Fig. 4, the rotor to be balanced 
A is mounted in bearings on a rigid 
base B, and rotated by a motor F, 
which in this schematic illustration is 
also assumed to include a set of variable 
balancing weights. The bed B is sup- 
ported at one end on a pivot C, and 
at the other end on a spring D. The 
rotor is assumed to have been balanced 
statically, so that its unbalance con- 
sists of a couple only. It is rotated at 
a speed corresponding to the natural 
frequency of the vibrating system, 
when the amplitude of motion, result- 
ing from a certain unbalance, becomes 
a maximum. This amplitude is re- 
corded on an indicator E. The-adjust- 
able balance weights in F are now 
varied until the amplitude of vibration 
becomes zero, and the corrections are 
subsequently transferred to the rotor. 
This type of balancing machine is 
known as the static-dynamic balanc- 
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ing machine, from the fact that the 
static and dynamic unbalance are cor- 
rected separately. The machine may 
also be arranged to record static un- 
balance alone, by placing the pivot 
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axis C parallel to the axis of rotation 
of the rotor. It is known in the market 
as the Carwen machine, and is usually 
arranged to record both static and 
dynamic unbalance by shifting the 
pivot axis. It is an outgrowth of the 
invention of Akimoff, previously re- 
ferred to, and it is manufactured by 
the Tinius Olsen Testing Machine Co. 
in Philadelphia, Pa. Fig. 7 shows a 
recent construction of the same firm. 
In Fig. 5, the rotor is mounted in 
two bearings, each of which is flexibly 
connected to the foundation. The 
rotor is driven, either by a flexible 
coupling, which is capable of absorb- 
ing the vibrations of the pedestals, or 
by a coupling which can be disengaged 
during rotation (magnetic or pneu- 
matic). In the former case the speed 
is adjusted to agree with the natural 
frequency of oscillation of the rotor, 
and in the latter case the observations 
are made when the rotor coasts through 
the resonance speed. The balance is 
not split up into static and dynamic 
balance so that the result appears in 
the type shown on Fig. 2. Compen- 
sating devices are not generally used. 
The balancing operation is carried out 
by locking one of the pedestals, and 
then balancing by cut and trial at the 
other end, until zero reading is ob- 
tained on the indicator on that end. 
This first balance weight is usually 
applied permanently on the rotor. 
Then a similar procedure is carried 
out for the other end. If the weight 
obtained in the second case were 
applied directly it would disturb the 
balance obtained for the first end. It 
is a simple matter, however, to split 
the second correction between the 
two ends in such a manner that zero 
reading at both ends is maintained. 
This machine is known in the mar- 
ket as the pedestal balancing machine. 
It was brought out originally in 
Germany by Lawaczeck and the ma- 
chine is still manufactured by Carl 
Schenck in Darmstadt, Germany, and 
sold in the United States of America 
by their British representative, C. F. 
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R. Geisler, Ltd., London, England. 
Fig. 8 illustrates one of their recent 
constructions for balancing large rotors. 

The pedestal balancing machine is 
made in a somewhat different form 
by Akimoff, through the Vibration 
Specialty Co. in Philadelphia, Pa. 
Fig. 9 shows a balancing machine made 
by this company for balancing large 
rotors, and Fig. 11 shows a similar 
machine for smaller rotors. In both 
arrangements the rotor is driven by 
a belt instead of through a coupling. 
Fig. 11 illustrates the use of a simple 
compensating arrangement, and adjust- 
able weight attached to the shaft. 

Fig. 10 shows a balancing machine 
of this type made by the Westinghouse 
Electric and Manufacturing Co. This 
is the largest balancing machine ever 
built and it represents a notable ad- 
vancement in the art of balancing very 
large rotors.* 

Fig. 6 represents a modification of 
the type shown in Fig. 5, and has been 
developed by the Westinghouse Elec- 
tric and Manufacturing Co. for their 





own shop problems. The innovation 
consists in making the pivot axis mov- 
able so that it can be placed alternately 
in those planes of the rotor where it is 
desired to apply correction weights. 
By this arrangement, it is possible to 
obtain the balance in terms of a mini- 
mum of corrections, and no separation 
of static and dynamic balance is 
required.f 

This machine has proved to be 
very valuable in mass production of 
small electric motors, as it is more 
easily adapted to mass production than 
any other type of machine. Fig. 12 
and 13f{ show two of the latest con- 
structions of this machine. The ar- 
rangements of these machines differ 
considerably from that shown on the 
schematic arrangement, Fig. 6, but 
the fundamental features are the same. 
The movable axis of vibration is ver- 
tical in Fig. 13, so that the vibrations 
of the bed take place in the horizontal 
plane. The pivots are made up of 
flexible members to reduce friction to 
a minimum. 

* Fletcher, Electric Journal, January, 1924. 

t Soderberg, Journal A. S. M. E., Spring 


Meeting, 1923. 
t Trumpler, Electric Journal, January, 1925. 
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Fig. 19 shows a balancing machine 
with a movable fulerum, made by 
Carl Schenck, in Darmstadt, Ger- 
many. This machine is constructed 
for balancing very small rotors and 
seems to give considerable promise for 
this purpose. The machine is not 
equipped with a compensating device, 
but the unbalance is located by scrib- 
ing the shaft while the rotor coasts 
through the resonance speed. The 
scribing is done with a simple device 
which automatically records the con- 
dition of maximum amplitude. The 
vibrations are indicated by a sensitive 
optical device. 

The Gisholt machine, Fig. 14, made 
by the Gisholt Machine Company, 
Madison, Wisconsin, was developed by 
Newkirk* and represents a compromise 
between the arrangements shown m 
Fig. 5 and 6. The fulcrum axis is 
stationary, but balance about two 
rotor planes is obtained by reversing 
the body to be balanced. This ma- 
chine is used to a considerable extent 
in the automotive industry, where the 
mass production admits the use of 
several machines for balancing the 
same type of rotating bodies. In such 
cases each machine is set for balancing 
one end of the body. The magnitude 
and location of the unbalance is ob- 
tained by observing the amplitude of 
vibration caused by the unknown un- 
balance, in conjunction with a com- 
pensating weight, which is adjusted 
at standstill. The observations are 
made while the rotor coasts through 
the resonance speed. 


Fundamental Principles Involved 
in Balancing Machines 
It is evident from the above descrip- 
tion of the most common of the exist- 
ing balancing machines, that they all 





depend for their successful operation 
upon the phenomenon of resonance, 
and in order to understand their per- 
~ * Moyer, Journal Society of Automotite Engi- 


neers, 1922. 
* Motor Age, September, 1923. 
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formance it is necessary to understand 
the nature of this phenomenon. 

Consider any one of the schematic 
arrangements illustrated, Fig. 4 for 
example, and assume that the speed 
of rotation is increased by gradual 
steps, each speed being maintained long 
enough to produce a steady state of 
motion. If corresponding values of the 
speed of rotation, and the maximum 
throw of the indicator needle, are 
plotted in a curve, it will give the result 
illustrated in Fig. 15. The amplitude 
will increase rapidly up to a certain 
speed N,, after which it drops off to 
a limiting value at the higher speeds. 
The particular speed at which the 
amplitude of vibration is a maximum 
is called the resonance speed, and it 
corresponds to the natural frequency of 
vibration of the system. The motion 
of the system at very high speed is 
approximately the same as the motion 
of a perfectly unrestrained system, 
that is, the centre of gravity of the 
system tends to remain stationary. 
If the system is properly arranged the 
maximum amplitude at resonance is 
100 to 200 times greater than the am- 
plitude at very high speeds. This ex- 
plains the high sensitivity of the 
modern balancing machines. The value 
of the resonance speed, or the speed at 
which balancing takes place, is deter- 
mined by the rigidity of the springs, 
and the moment of inertia of the vi- 
brating system with respect to the 
fulcrum axis, and bears no definite re- 
lation to the operating speed of the 
body to be balanced. It has been 
found that a low balancing speed is, 
within certain limits, conducive to 
high sensitivity. For very large bal- 
ancing machines it may be as low as 
80 r.p.m., while for the small balancing 
machines, it may be 1000 r.p.m. 

The reason for the sudden increase 
of the amplitude of vibration at the 
resonance speed is due to the fact that 
at this speed the effects of the unbal- 

{For further particulars of this drive, see 
Machinery, February, 1925, page 439. 
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anced centrifugal forces become cumu- 
lative. The vibratory motion is a man- 
ifestation of the exchange of energy in 
the system; at one phase of the motion 
it is all kinetic energy, stored in the 
masses, and at another phase it is all 
potential energy, stored in the springs. 
At the resonance speed, the impulses 
from the centrifugal forces are all con- 
verted into energy of the system, the 
driving motor representing the primary 
source of energy. There is a limit to 
the increase in amplitude, however, 
because there exist inevitable losses 
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through friction. When the maximum 
amplitude is attained, all the energy 
supplied by the centrifugal forces is 
dissipated by friction. 

In order to attain this ideal state of 
energy transfer, that is, in order to 
obtain the maximum amplitude lim- 
ited by friction only, it is necessary to 
have very accurate speed adjustment. 
This feature is so important that it has 
been found that friction really plays 
an insignificant role in limiting the 
maximum amplitude in ordinary well- 
constructed balancing machines. Fig. 
16 illustrates the values that the sen- 
sitivity can attain for various errors 
in the setting of the speed, the error 
being zero when the speed of rotation 
is exactly equal to the resonance speed. 
By sensitivity we mean the ratio be- 
tween the amplitude at resonance and 
the amplitude at speeds well above 
resonance. It is evident that if we 
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desire to have a sensitivity of 100, it is 
necessary to have an error in the speed 
setting of less than one-half of one 
per cent even if friction were com- 
pletely eliminated. This is the reason 
for the use of induction motors with 
mechanical speed reducers on the bal- 
ancing machines illustrated in Fig. 12 
and 13. Fig. 16 also serves to illus- 
trate the fact that the sensitivity is 
reduced to a certain extent when the 
amplitude is observed during coasting 
of the rotor through the resonance 
speed, even if the sensitivity thus ob- 
tained may in certain cases be sufficient 
for practical purposes. 

Another interesting feature of res- 
onance motion is the relative an- 
gular position between the unbalance 
and the vibratory motion. This may 
be illustrated by holding a pencil in 
the vertical position against the shaft 
of the rotating body in Fig. 4, as illus- 
trated in Fig. 17. The experiment may 
be carried out by attaching a known 
unbalance to the rotor. It will be 
found that the mark of the pencil on 
the shaft will lag behind the unbalance 
by an angle @. The values of this angle, 
which are observed at the various 
speeds, may be plotted against the 
speeds as shown in Fig. 18. It will be 
found that @ is less than 90° below 
resonance; at resonance it is exactly 
90°, and at higher speeds it approaches 
180°, verifying the statement that at 
the high speeds the motion corresponds 
to a stationary position of the centre 
of gravity of the system. The most 
important conclusion to be gained from 
this result is that at resonance the 
variation of @ is very rapid. Thus, if 
we desire to determine the position of 
the unbalance by marking near the 
resonance speed, it is necessary to have 
very accurate speed control. It can be 
shown that a certain small error in 
speed from resonance will change the 
angle of lag by an amount (in radians) 
equal to the product of the error in 
speed and the sensitivity. Thus, if the 

(Continued on page 246) 
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OLSEN-CARWEN 
STATIC-DYNAMIC 
BALANCING MACHINE 

Used for heavy rotor and small 
turbine balancing. It is also,used 


for balancing many assembled 
parts, such as complete engines. 








The Gas-Electric Drive 


An interesting summary of the advantages and limitations 


HE constantly increasing popu- 
larity of electricity for all sorts 
of applications which require 

some form of flexible motive power 
is, I believe, one of several factors 
directly responsible for the compara- 
tively recent revival of the electric 
drive as a motor-bus transmission. 

In the last few years, the street rail- 
way companies have recognized the 
economic advantages of the motor bus 
in city transportation either as a feeder 
or as a supplement to existing forms 
of transportation and therefore they 
have sought to use a vehicle having a 
transmission automatic in its action 
and one that would conform in opera- 
tion with their street cars with a view 
to simplifying operating and servicing 
problems. 

Furthermore, the prevailing high 
traffic density of our large cities which 
directly affects the number of stops to 
be made per mile requires an extremely 
flexible transmission, irrespective of 
efficiency, to a certain extent. For this 
kind of work the electric drive is 
admirably suited. 

The development of larger vehicles 
combined with the variable passenger 
loads that must be handled in city 
service work, together with low cost 
of operation, means low horse power 
to weight ratio which necessitates the 
use of the conventional gear box for a 
greater part of the running time under 
maximum loads. The electric drive 
has been adapted to fit the character- 
istics of the bus engine to obviate this 
and in this way, obtain a higher rate 
of acceleration from standstill by 
eliminating gear shifting. 


Engineering Factors and Design 
Limitations 

Before describing recent develop- 
ments embodying the electrical trans- 
mission of power, I will first discuss 
some of the engineering factors in- 
volved in its adaptation and the 
limitations of design. 

The electric drive as now applied to 
the motor bus consists essentially of a 
direct current generator driven by the 
engine, either one or two series motors 
driving the rear axle by means of one 
or two propeller shafts and a hand- 
operated controller which acts as a 
switch. The engine-generator group 
can be compared to that of a power 
station but having variable speed and, 
therefore, variable voltage. 

With the electric drive, the nature 
of the engine torque curve and the 


of this type of final drive 


By Cuares FRorescu 
Engineering Department 
International Motor Company 
speed at which it peaks are not as 
important characteristics as brake 
horse power, because best performance 





depends upon the number of k.w.s 
that can be generated in a given time, 
especially during the acceleration pe- 
riod. After this period it is highly 
desirable that the windings of both 
units be balanced to operate within 
the most efficient speed range of the 
engine corresponding generally from 
1200 to 1600 feet per minute piston 
speed. I mention this speed in terms 
of feet per minute of the pistons rather 


than revolutions per minute because it 
gives a more exact indication of what 
has been found to be the most efficient 
and reliable speed for heavy duty bus 
engines as now made. 

The valve timing must be changed 
to raise the power curve at the higher 
engine speeds and within the previ- 
ously mentioned range without unduly 
sacrificing torque at the lower speeds. 
Compared to the standard engine, this 
change consists of opening and closing 
the inlet valve later—the exhaust 
valve opening earlier and closing 
later. As this must be done without 
impairing the idling ability of the 
engine, it is at best a compromise. 
Fig. 1 shows what has been done with 
a 4-cylinder, 44-inch bore and 5-inch 
stroke. The timing change raised the 
b.h.p. from 53 to 56% at 2000 r.p.m. 
— the lowest point of the fuel economy 
curve shifting also from 1300 to 1600 
r.p.m. By using a slightly larger car- 
buretor the power peak was further 
raised to 574% h.p. at 2000 r.p.m. 
Due to the fact that, under no condi- 
tions, the engine speed ever drops be- 
low its maximum torque point, a fixed 
or automatically advanced spark posi- 
tion can be used, thus simplifying 
engine control. In later designs the 
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engine speed regulation is as close as 
200 to 300 r.p.m., which means that 
the compression ratio can be slightly 
increased without knocking, thus again 
raising the power peak. Another pos- 
sibility would be to employ some form 
of mild supercharging or rather “full- 
charging” if it may be so called, to 
overcome frictional and pumping losses 
through the inlet manifold and valve 
passages. This can be done by using 
a small supercharger interposed be- 
tween the carburetor and the cylinders. 
Its function should be to supply a per- 
fectly distributed cold mixture, thus 
doing away with vaporizers or special 
hot spot manifolds and keep 100 per 
cent volumetric efficiency. Besides 
the gain of power proportional to the 
increase in volumetric efficiency, the 
thermal efficiency and therefore the 
fuel economy would be bettered. 

It would seem logical to suggest 
that this “full-charger”’ be driven by 
a small electric motor using current 
from the main generator or other elec- 
trical source except the battery; due to 
the necessarily high rotative speed of 
its impeller its successful application 
depends upon the reliability of its 
drive. A mechanical form of drive 
presents quite a problem because of 
the speed range under which it would 
run and the presence of high frequency 
torsional vibrations in any form of 
camshaft or crankshaft drive. 

Engine lubrication also is most im- 
portant because, unlike the mechani- 
cally driven bus, the load when once 
applied on the engine is not relieved 
until a stop is made. With the 
mechanical bus, the bearing loads are 
temporarily relieved each time a shift 
is made, thus flushing the bearings. 
With high pressure lubrication this 
means a tendency to pump and is per- 
haps one of the reasons why, in some 
cases, oil consumption is less witb the 
electric drive. 

The number of cylinders bears no 
relation to smoothness of driving 
torque and is more a function of the 
size of the bus. For the larger vehicles 
it is, of course, preferable to use six- 
cylinder engines because of ground 
clearance and visibility limitations. 
The evenness of torque which charac- 
terizes the electric drive can be best 
understood by comparing the number 
of power impulses per revolution of the 
rear driving wheels for both types of 
drives. Assuming a four-cylinder, four- 
cycle engine with a mechanical gear 
box low gear of 4.8 to 1 and a rear 
axle ratio of 6.7 to 1, which is a suit- 
able ratio for city work, we have 63 
impulses per wheel revolution. The 
same chassis equipped with an electric 
drive having a motor with 33 commu- 
tator bars and a 10.79 to 1 gear ratio 
will give 356 power impulses per 
wheel revolution. This is to say that, 
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theoretically, the smoothness of oper- 
ation will be in the ratio of roughly 
5% to 1 or, forgetting efficiency for 
the time being, the electric drive will 
exert its maximum propulsive effort at 
a road speed one fifth of that of the 
mechanical bus, because the flow of 
current evens out all engine power 
impulses. However, it is not quite so 
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ciency of the generator and motor of 
an electric drive derived from read- 
ings taken at various bus speeds and 
combine them we have a set of curves 
as shown by Fig. 2. I speak particu- 
larly of a single motor testing installa- 
tion on a 29-passenger bus, weighing 
slightly more than 19,000 pounds with 
a 29-passenger load and powered with 


FIG. 2 


actually, on account of the frictional 
work done by the clutch in the me- 
chanical bus, which is difficult to 
accurately estimate. 

To obtain a satisfactory installation 
it is necessary that the electrical units 
be properly balanced with the rest of 
the chassis and here again a compro- 
mise must be reached between the 
maximum bus and electric motor 
speed. Present day commutator de- 
signs impose a limit somewhere around 
9000 feet per minute peripheral speed 
for the armature, ground clearance and 
weight, limit the motor size and the 
combination of all these the gear ratio 
and therefore the maximum bus speed. 

The weight of an electric drive var- 
ies proportionately to the horse power 
it has to transmit. This is not so with 
the standard gear box as there is no 
great -difference in weight between a 
gear box used with a 60 h. p. four- 
cylinder engine and one with a 100 
h. p. six-cylinder engine. One reason 
for this is that while the horse power 
transmitted is greater, the turning 
effort is smoother, and this permits 
the use of a lower factor of safety. 

If we calculate and plot the efb- 





a six-cylinder 414 x 5 motor develop- 
ing 91 b.h.p. at 2000 r.p.m. It can 
be observed that as the vehicle speed 
rises the current falls and the overall 
efficiency drops. The same holds true 
under severe overloads such as start- 
ing in deep sand or mud. In this case 
a self-excited shunt-wound generator 
is used with a small teaser field sup- 
plying the starting excitation, and the 
core losses due to high voltage at high 
bus speed reduces its efficiency from 
90 per cent at 13 m.p.h. to about 81 
per cent at 35-m.p.h. or a loss of 10 
per cent. It is to be noted that the 
motor efficiency curve falls off rapidly 
with an increase of voltage and that 
under heavy loading, such as when 
starting, it may drop below 65 per 
cent. 

The logical conclusion is that the 
field of operation of this combination 
lies between these two extremes, which 
represent city service work. 

It is, of course, to be conceded that 
these units were designed for this 
particular kind of service and have, 
relatively speaking, an armature core 
consisting mostly of copper to keep 
losses at a minimum under heavy load- 
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ing. The reverse, that is, more iron 
and less copper, would be more suit- 
able for interurban work to reduce 
potential or core losses, but this must 
be done at the expense of torque. 

The corresponding efficiency of the 
standard transmission for the same 
type of bus varies from 88 per cent on 
low gear to 95 per cent on high gear 
and is quite flat throughout the speed 
range, as the only losses that are met 
with are the tooth rolling and bearings 
losses which are very small, and the 
oil churning which varies with the 
grade of lubricant used and the ambi- 
ent temperature. 

With reference to the chassis, it is 
important that the exhaust piping be 
located outside of the frame side mem- 
bers to eliminate undue radiation of 
heat to the electrical units. Ventila- 
tion of the pocket formed between the 
frame side members and the body floor 
should be provided. 

Generator and motor covers should 
be made easily accessible for periodi- 
cal inspection of the commutator 
brushes and windings. 

It has been found necessary to inter- 
pose in the generator drive a cushion- 
ing device temporarily to absorb the 
horsepower that is being delivered at 
the time the throttle is suddenly closed 
prior to making a stop. With a me- 
chanical transmission, when this occurs 
the inertia of .the vehicle as a whole 
and its rolling resistance impede a 
sudden engine speed change, — in other 
words, it retards its return to idling 
speed, whereas with an engine-genera- 
tor group alone it returns to its idling 
speed much quicker as the generator 
armature offers no resistance beyond 
that of its own inertia and therefore 
the same power must be absorbed in a 
shorter time. This particular cushion- 
ing device called a torque insulator 
consists of four rubber blocks, held in 
compression by eight cups which in 
turn are held in place by four arms. 
These arms are bolted on two spiders, 
one driving the other through the 
Rubber Shock Insulators. 

One other important function per- 
formed by the torque insulator is to 
prevent the transmission of high fre- 
quency vibrations such as are found in 
any engine to-the generator and also 
eliminating any possible synchronism 
of such vibrations between the two 
units. 

To overcome the lack of engine 
braking when coasting down hill, use 
is made of the electric motor to hold 
the vehicle down grade by reversing 

its field and connecting a resistance in 
the circuit. When the electric brake is 
constantly used as a preliminary serv- 
ice brake the electric motor capacity 
must be increased from 20 per cent to 
25 per cent more than necessary for 
driving, because of this added work 
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which is required of it, and this means 
a heavier and costlier motor. 
Dynamometer tests have shown 
that engine braking equals 10 h. p. at 
15 m.p.h., 151% h. p. at 20 m.p.h. and 
20 h. p. at 25 m.p.h. If we deduct 
from these figures 14, 1 and 1% re- 
spectively, which represent the amount 
of braking done by the electric motor 
fan, we have the net energy to be ab- 
sorbed either by electric braking or the 
additional work required of the brakes. 
The electric brake grids generally used 
have sufficient capacity to absorb the 
kinetic energy of the bus, and their 
temperature should not exceed 600°C 
under extreme conditions, as_ being 
primarily made of cast iron they are 
more or less sensitive to vibration. 


Advantages and Drawbacks 


It has been fairly established that 
the greatest asset of the electric drive 
as applied to the motor bus is the per- 
missible increase in schedule speed 
where traffic conditions are congested. 
Its smoothness of operation has un- 
questionably made it very popular 
with bus riders and the claim has been 
made that this quality has increased 
revenues in certain localities. Any in- 
crease in schedule speed means a reduc- 
tion of operating expense per mile, 
together with a reduction of capital 
investment and maintenance costs. 

Other advantages of the electric 
drive are its quietness of operation 
due to the elimination of the selective 
gear shift transmission and its extreme 
ease of operation, as the driver has but 
two operations to perform outside of 
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steering — the operation of the accel- 
erator pedal with lis right foot and 
service brake with his left. There is 
good reason to believe that this ease 
of handling promotes safety because 
the attention of the operator is not 
distracted by gear shifting. 

The steady acceleration of the elec- 
tric drive eases the strain on the rear 
axle gears and tires and while this is 
more or less possible with the conven- 
tiona! transmission, it depends a great 
deal upon the human element. 
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Electrical equipment has a longer 
economical life than clutches and gear 
boxes when constantly used in dense 
traffic. Its maintenance problems are 
familiar to street railway operators 
who thoroughly understand electric 
power. 

There are at present, however, some 
drawbacks to this form of drive which 
have the effect of limiting its adapta- 
bility to very specified and defined 
fields. Its higher initial cost, which is 
close to 20 per cent the price of a com- 
plete bus, commands serious consider- 
ation. It weighs from 1250 to 1650 
pounds more than the conventional 
clutch and gear box which in turn 
means that more pounds per horse 
power must be carried as dead weight. 

It is yet comparatively inefficient 
for low power per weight ratio vehicles. 
We have seen that under normal run- 
ning conditions its best overall effi- 
ciency is in the neighborhood of 80 per 
cent and is reduced under heavy load 
conditions to as low as 50 per cent. 
These inefficiencies do not become 
apparent unless accelerating beyond 
1000 feet or climbing long, steep grades 
without stops. This is because, in the 
first instance, the time lost in chang- 
ing gears with mechanical transmission 
is sufficient to overcome the difference 
in time due to the lesser power trans- 
mitted to the rear axle by the electric 
drive, and in the second case, to the 
inertia of the bus engine and generator. 
There is a slight time lag at the start 
of acceleration which is caused by the 
necessity of building up the necessary 
magnetism and potential in the gener- 
ator. This time lost, however, does 
not become serious until traffic condi- 
tions call for 15 or more stops per mile. 
The fuel consumption is higher with 
the electric drive. Lack of operating 
data has not yet permitted an accurate 
comparison of its cost of maintenance 
with the mechanical transmission, but 
assuming ideal conditions over a 
period of eight to ten years, there 
should be no great difference between 
the two. Owing to lack of technical 
knowledge, individual operators regard 
it with skepticism. 


Recent Developments 


For the last two years, the Mack 
Company has tested and developed in 
conjunction with the General Electric 
Company an electric drive which has 
been properly sized for a four-cylinder 
571% h. p. 25-passenger bus and a six- 
cylinder, 90 h. p. 29-passenger bus. 

It is of the single motor type because 
it is felt that the complications in- 
volved with a two-motor drive did not 
warrant the only advantage derived — 
which is the return to the garage or 
car house of a bus with one motor. 
This applies only to four-wheel single 
(Continued on page 234) 
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GROUND FLOOR PLAN 


Pictures through courtesy of Pencil Points 


COMPETITION FOR PARIS PRIZE OF THE SOCIETY OF BEAUX-ARTS ARCHITECTS 


Design for a radio broadcasting station. 
Won by Donald S. Nelson ’26, pupil of 
Professor Jacques Carlu, in charge of 
Design Department of Architecture, 
Massachusetts Institute of Technology. 


INCE, as the title suggests, this 
was a very modern architectural 
program it was desirable to find 

a solution that was modern, not only 
in the elements of the plan but in the 
construction employed. The program 
was strict and in detail, and no more 
complex requirements have ever been 
presented in a program for the Paris 
Prize. But a very simple scheme was 
found that answers the practical re- 
quirements with the use of modern 


materials of steel, concrete, metal, and 
marble veneer. The principal elements 
are grouped so that they form a har- 
monious whole of logically related 
parts. 

There are four principal elements: 
(1) technical, (2) reception of per- 
formers, (3) business and executive 
offices, (4) reception of the general 
public. 

(1) In the technical section are the 
studios and auditorium, each with its 
control room, which are grouped about 
the apparatus room where there is cen- 
tral control of all the works. Televi- 
sion apparatus is also provided for in 
this connection. 

For the auditorium a special form 


of plan is suggested in broadcasting 
the performance from the center, giv- 
ing equal sound waves all around the 
room. Above is the receiving appara- 
tus, adjustable up or down, according 
to the volume of sound or wave 
lengths. 

The sections of all the studios have 
a special form designed to offer the 
least resistance or disturbance to the 
sound waves. This is expressed in a 
central block at the rear of the plan. 

(2) Closely in connection with the 
studios are the reception suites for the 
principal performers, who are often 
people of great public importance. 
Elevators and stairways lead directly 

(Continued on page 236) 
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Automobile Sound Analysis 
A discussion of the character of sound and methods for 


quantitative study tending to eliminate noise 


UTOMOBILE users often won- 

A der why the various noises that 

haunt the modern car cannot be 

eliminated. With a little thought, 
however, the wonder shifts. The real 
marvel is that the noises are so few. 
The ear is a sensitive organ. Pressures 
as low as a thousandth of a dyne per 
square centimeter, corresponding to 
an energy expenditure of 10°” watts, 
affect it. With automobile engines 
ranging from twenty to over a hun- 
dred horse power it is evident that a 
loss of only a hundred-million-billionth 
of one per cent of this power is great 
enough to produce sound. Practically 
all parts of the driving equipment are 
rotating or moving in some periodic 
manner, the frequency of which comes 
within the range of audibility. To ac- 
centuate this, the parts of the frame 
are often of a length which makes 
them resonators for many of the exist- 
ing frequencies of vibration. 

The public, however, imperatively 
demands a quiet car. The question is 
not whether it will be done, but how 
it may best be accomplished. Obvi- 
ously the prerequisite for undertaking 
the task is a thorough understanding 
of the nature and laws of sound. To 
the great body of scientific knowledge 
relating to sound accumulated during 
the last half century, important con- 
tributions that are directly applicable 
to the problems arising in automobile 
design have recently been made by a 
group of scientists of the Bell Tele- 
phone Laboratories. These contribu- 
tions partake of the nature of helpful 
tools and instruments for the inves- 
tigation of automobile noises. 

While its stimulus is physical, 
sound itself is psychological. Of it 
we really know nothing. It is a 
something in our brain, a group of 
possible sensations which at one mo- 
ment we call the ferry whistling and 
at another a child crying. Its stim- 
ulus, a rapid fluctuation of air pres- 
sure, is quite definite, however. It 
can be detected, measured, and ana- 
lyzed to any extent desired. Thus 
there are really two sounds: the 
physical vibrations of the air with its 
attendant harmonic rise and fall of 
pressure, and the subjective response 
to the oscillating pressure which is the 
sound proper. — 

The matter is further complicated 
by the connecting link, the ear. The 
incident pressure waves are converted 
by this organ to sound by means of 
some twenty thousand nerve fibres. 


RMS PRESSURE AMPLITUDE (Dynes) 


By Pui Cuapin Jones 712 
Bell Telephone Laboratories 


The instrument is not perfect, how- 
ever. The sound heard is not an exact 
equivalent of the arriving vibrations 
of pressure. In other words, the re- 
sponse of the physical parts of the ear 
is not linear — effect is not directly 
proportional to cause. Thus the study 
of sound widens to the investigation 
of three groups of laws: those relating 
to harmonic variations of pressures of 


DETECTING TRANSMITTER USED 
WITH THE ELECTRICAL STETHOSCOPE 


air; those of the mechanism of the ear; 
and those binding the sound sensation 
to its pressure stimulus. 

The loudness of a sound depends on 
the pressure of the sound wave. There 
is a minimum value below which no 
sound is discernible and an upper 
limit above which the stimulus ceases 
to excite sound and causes pain in- 
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stead, thus reacting on the sense of 
touch. The entire auditory sensation 
area is shown in Fig. 1 where the ordi- 
nates are r.m.s. pressure in dynes per 
square centimeter and the abscissas are 
frequencies. In general, sensation is a 
logarithmic function of stimulus, or, in 
the case of sound, of the intensity of 
the pressure wave. As a measure of 
change in loudness an arbitrary scale 
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LOVONESS CHANGE 


equal to twenty times the logarithm of 
the pressure is used. This is indicated 
on the right hand of the drawing. The 
multiplying factor of ten is used to give 
a scale of which one unit is just about 
equal to the’ minimum perceptible 
difference in loudness. 

For measuring pitch a logarithmic 
scale is also used, but to the base 
two instead of ten. This is due to the 
fact that the octave is of particular 
significance in pitch. A tone of any 
pitch is just twice the frequency of a 
tone of one octave lower. Due to the 
logarithmic relationship existing be- 
tween sensation and stimulus it re- 
quires about a ten per cent increase or 
reduction in the intensity of the pres- 
sure wave to make a barely perceptible 
difference in sound. 

In the elimination of noise from the 
automobile the first step is to locate the 
noise-producing element. As all parts 
of the car are well tied together by 
sound-carrying parts and as much re- 
flection exists, particularly.in enclosed 
cars, it is generally very difficult to 
locate sounds merely by listening to 
them. The more effective way is to 
determine the frequency of the disturb- 
ing sound. From this it is generally 
possible to trace the sound to its source. 
By calculations involving engine speed 
and the number of teeth in different 
gears, the predominant frequency of 
any part may be calculated. The ideal 
noise detecting system is one that will 
analyze the complex sound coming 
from an automobile, determine the 
frequency of each component sound, 
and measure its intensity. With 
such information available it would 
be possible to determine the source 
of each noise element. 

For this purpose there is prob- 
ably no method more generally 
satisfactory than to transform the 
sound waves to electric waves. 
These may then be completely 
analyzed. So far as is known 
nothing has been produced more 
complete and satisfactory for this 
work than the electrical frequency 
analyzer designed by members of 
the technical staff of Bell Telephone 
Laboratories. 

The frequency analyzer itself is 
shown diagrammatically in Fig. 2. In 
brief the scheme takes advantage of 
resonance in a tuned circuit. A circuit 
containing a fixed reactance and an 
adjustable capacitance is used. The 
value of the capacitance is increased 

(Continued on page 236) 











Impending Changes in Our Use of Fuels 


A review of the world’s fuel problems and modern methods for their solution 


HEN one observes a growing 
\ \ plant for an hour it seems a 
fixed and static thing. Such 
progressive change as may be taking 
place proceeds too slowly to make im- 
pression. When, however, the develop- 
ment, which may have taken months 
for its fulfillment, is crowded into the 
few minutes required to run off a 
motion-picture reel, we gain an alto- 
gether new appreciation of the dy- 
namic power and driving force behind 
that evolution in which green shoots 
are followed by stem and branches, 
leaves, bursting buds, and flowers in 
full bloom. 
It is much the same when we survey 
a specific industry. We may realize 
that changes are in progress, but the 
general impression we receive is one of 
established equilibrium. We _ need, 
therefore, to review quickly the devel- 
opment which has already taken place, 
in order that we may gain a true appre- 
ciation of the forces which urge it 
forward and that we may sense the 
direction of its trend. 


Historical Review 


Through the long course of centuries 
and down to times relatively very 
recent, wood was practically the only 
fuel used. Charcoal followed naturally 
as a derivative of wood. In the days 
of King Edward the First it was a 
capital offense to burn coal in London, 
and in 1306 a man was executed for 
the crime. The criminality slowly di- 
minished in degree, but in 1550 Queen 
Elizabeth prohibited the burning of 
coal in London during the Parliamen- 
tary season for fear that “the health 
of the Knights of the Shire might suffer 
during their abode in the Metropolis.” 
A little more than one hundred years 
ago it was as iniquitous, and perhaps 
more dangerous, to sell coal in Phil- 
adelphia than to sell liquor there 
today. 

In 1804 the British Admiralty de- 
clared it their duty ‘“‘to discourage the 
employment of steam vessels as . . 
the introduction of steam vessels was 
calculated to strike a fatal blow to the 
naval supremacy of England.” 

_ In 1619 the growing scarcity of wood 
in England led Dudley to attempt the 
substitution of coal for charcoal in his 
blast furnace. The charcoal iron- 


masters drove him out of Worcester 
county. He set up another furnace at 
Hascobridge. A riot was organized and 
the furnace wrecked. In 1660 Dudley 
was still at work, undaunted, but 
unsuccessful. 

Fortune dealt more generously with 





By Artuvr D. Littie *85 
President Arthur D. Little, Inc. 


Abraham Darby, although with much 
deliberation. His use of coke in place 
of charcoal began about 1730, and in 
December, 1756, his furnace was de- 
clared to be “at the top pinnacle of 
prosperity, twenty to twenty-two tons 
a week and sold off as soon as made at 
profit enough.” 

At a time not later than 1688, and 
possibly somewhat earlier, the Rev. 
John Clayton heated coal in a retort 
and obtained gas and tar. He demon- 
strated that the gas could be burned 





The correct use of fuels is one of the most 
vital problems of the engineer, and we can 
not devote too much thought to this subject. 
This month we have the pleasure of pub- 
lishing this article which reviews the prob- 
lem from many different angles. Dr. Little 
presented this paper last May before the 
Engineering Foundation, of which he is 
vice-president. 

The paper provoked a great deal of dis- 
cussion and we trust that our readers will 
find it useful in clarifying their thoughts 
on this subject. 





and that it could be collected and 
stored. His results were duly pub- 
lished in a memoir, and forgotten. 

The world moved slowly in those 
days. It was one hundred and fourteen 
years later that William Murdoch, in 
1802, lighted his house at Redruth, 
Cornwall, with gas and developed the 
equipment upon which the gas indus- 
try was founded. It then waited thirty- 
five years for the gas producer and 
until 1874 for Lowe’s first successful 
water-gas plant. 

The first American gas company was 
organized in Baltimore in 1819, where 
today they consume more gas in five 
years than they did in the first century 
of their manufacture. 

In 1840 practically no coal was mined 
in the United States. In 1860 our 
production was only a few million tons. 
In 1918 production reached a peak of 
about 740 million tons. It is now, 
under the competition of fuel oil and 
because of more efficient use, down to 
about 600 million tons. 

In 1860 the annual per capita con- 
sumption of petroleum in the country 
was .016 barrel. We are now producing 
nearly 21% million barrels a week and 
importing oil at that. 

During the period from 1815 to 1914 
the white population of the world in- 
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creased about three-fold, but the pro- 
duction of mineral fuels — coal, oil, 
and natural gas — increased seventy- 
five-fold, and by far the largest pro- 
portion of this increase was in our own 
country. 


The Increasing Demand for Energy 

The pressure behind this amazing 
acceleration in our production and use 
of fuels is, of course, that insistent and 
constantly increasing demand for en- 
ergy, which sharply differentiates mod- 
ern civilization from those which have 
preceded it. Two pounds of coal will 
develop as much energy as a man at 
heavy labor for a day. The industrial 
status of a country is, therefore, largely 
determined by the supply of energy 
available to the individual worker, and 
nowhere is that supply comparable to 
that afforded him in the United States. 

In 1770, except for a few small water 
wheels, some windmills and sailing 
vessels, and here and there in England 
a Newcomen engine for pumping water 
from the mines, the total power avail- 
able to the world was that of human 
beings and draft animals. There were 
no railroads, no canals. The roads were 
bad, and the traveler was at the mercy 
of the highwayman. It cost as much 
to transport a ton of goods ten miles 
as it costs today to send it fifty times 
as far. Industry was cramped and 
necessarily localized; its markets were 
restricted, and its rewards were 
meagre. 

The work which maintains our pres- 
ent social structure is not, however, 
the work of the man with a hoe, it is 
the work of the farm tractor and the 
harvester; not that of the Chinese 
transport coolie, but of the locomotive 
engineer with a hundred loaded freight 
cars behind him; not the back-breaking 
effort of blowing a forge by hand, but 
the manual control of turbo-compres- 
sors forcing the fires of the blast fur- 
nace. It is, in short, work on the grand 
seale, which draws upon the material 
sources of energy to the utmost extent 
to which we are capable of utilizing 
them, while human energy supplies the 
controlling, regulating, and steering 
agency. 


Coal Our Chief Source of Energy 


Since coal must remain for genera- 
tions our chief energy resource, the 
line of progress parallels that whi¢h 
leads to the better utilization of coal. 
At the recent notable International 
Conference on Bituminous Coal, Pres- 
ident Baker, of Carnegie Institute of 
Technology, said, “In less than a gen- 
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eration the present methods of shipping 
coal to be burned in its raw state under 
boilers hundreds of miles from the 
mines will appear to have been prim- 
itive and rudely unscientific.” 

That there is sound basis for Presi- 
dent Baker’s prophecy is evidenced by 
the fact that the problem of converting 
coal to products of higher form value 
is already the subject of extensive and 
costly experimentation in many coun- 
tries, including, of course, our own. 
The general problem has many aspects 
and is being attacked from many angles. 

The smoke screen, which enshrouds 
our cities, defiles our buildings, dam- 
ages their contents, depresses our 
spirits, deprives us of the wholesome 
actinic rays of sunlight, is a con- 
stant menace to health in other ways. 
Though general opinion is to the con- 
trary, domestic heaters, including those 
of apartment houses, are responsible 
for the nuisance in larger measure than 
the furnaces of industrial plants. Our 
supply of anthracite is, relatively, very 
limited, and we have the authority of 
John Hays Hammond for the state- 
ment that in the anthracite mines the 
natural conditions are steadily getting 
harder. The average depth of work- 
ings has increased 77 per cent during 
the last generation, and the average 
thickness of the beds is barely half 
what it once was. The consequent 
high price of anthracite and the ten- 
dency of the miners to take a vacation 
as winter comes upon us have stim- 
ulated much earnest endeavor to find 
a substitute for anthracite through the 
conversion of soft coal to a smokeless 
fuel generally satisfactory to the 
householder. 


Better Use of Coal 

Foremost among these activities are 
the numerous processes for the so- 
called low-temperature carbonization 
of coal. Some two hundred of such 
processes have been listed, but it is 
doubtful if ten per cent of that number 
have been operated on anything ap- 
proaching the commercial scale. Their 
distinguishing characteristic is that the 
coal is carbonized at temperatures 
rarely exceeding and often below 1100° 
Fahrenheit. As a result, there are ob- 
tained a moderate volume of gas of 
high heating power and valuable, in 
place of gas oil, for the enrichment of 
blue water gas, an excellent smokeless 
fuel in the form of semi-coke, and from 
twenty to forty gallons of a thin tar 
per ton of coal. This tar is markedly 
different from ordinary coal tar, and 
has, instead, much of the character of 
petroleum. It may be cracked to yield 
22 per cent of motor fuel of high anti- 
knock quality. 

Time and the limits of your patience 
permit only casual reference to a few 
representative processes. That of Pro- 
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fessor S. W. Parr, of the University of 
Illinois, is the culmination of twenty- 
five years’ study of the fundamental 
conditions involved in low-temperature 
carbonization. His process operates 
in two stages: a conditioning stage, in 
which the coal in a closed, rotating 
drum is quickly brought ‘to within 
25-50° of the temperature at which it 
becomes pasty, and a coking stage 
conducted in a vertical retort pre- 
heated to 750° C. Partly by reason of 
exothermic reactions within the coal 
the heat strikes to the center of the 
mass in 10-30 minutes, with produc- 
tion of a dense, strong semi-coke from 
cheap Illinois screenings. 

The method developed by McIntire, 
at Fairmont, West Virginia, from the 
old Carbocoal process has a rather ex- 
ceptional record of performance in that 
some 25,000 tons of coal have been 
processed. Its purpose is essentially 
that of making an artificial anthracite 
in the form of a briquetted smokeless 
fuel. It involves an initial low-tem- 
perature carbonization with mechan- 
ical stirring of the plastic mass of hot 
coal. This stage of the process yields 
from 2000 pounds of coal, 1480 pounds 
of semi-coke, 31 gallons of thin, light 
tar, and 2 gallons of light oil, together 
with about 3000 cubic feet of gas of 
950 B.t.u. The semi-coke is then 
briquetted with a binder of by-product 
pitch and reheated, at higher tempera- 
ture, with further yield of 2000 cubic 
feet of 450 B.t.u. gas and 8 gallons of 
heavy tar. The finished briquettes, 
containing 8-12 per cent of volatile, 
are dense and smokeless. 

The Green-Laucks process of the 
Old Ben Coal Corporation, as installed 
at Waukegan, Illinois, passes a thin 
stream of coal upward by a screw 
within a vertical retort, 18 feet high 
and 3 feet in diameter, set in a furnace, 
the screw being heated through the 
shaft. The product of this pilot plant 
is said to be strong, dense, and smoke- 
less. A commercial plant with retorts 
9 feet in diameter is under construc- 
tion, and if it functions well mechan- 
ically it would seem likely to do so 
commercially, in view of the low initial 
value of the Illinois screenings used 
as raw material. 

The product of the McEwen-Runge 
process, developed at the Lakeside 
plant of Milwaukee Electric Railway 
and Light Company, is intended for 
use in powdered coal equipment. It, 
again, is a two-stage process, in which 
the coal is first heated at medium tem- 
perature to destroy its coking property 
and then carbonized in a second retort. 
The two retorts, each 40 feet high and 
6 feet 9 inches in diameter, are insu- 
lated, and one is superimposed on the 
other. Pulverized coal is fed into the 
upper retort, which discharges into a 
hopper, from which it is delivered to 
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the second retort. The charge is heated 
by hot gases introduced into the re- 
torts, each of which is provided with 
two combustion chambers. The gases 
enter at the bottom of the retorts and 
rise countercurrent to the descending 
coal. There is little loss of volatile 
material from the upper retort, and 
the gases are exhausted into the atmos- 
phere. The gases from the second or 
carbonizing retort are removed to stor- 
age by a gas exhauster and amount to 
3750 cubic feet of 850 B.t.u. gas per 
ton of coal. 

Few details are available regarding 
the one-ton retort designed by Harold 
Stevens and operating at the plant of 
Detroit Edison Company, but it is 
stated that results have been so satis- 
factory that a 24-ton plant is about 
to be installed and operated in con- 
junction with the equipment of a small 
gas company. 

In addition to these and other pro- 
cesses under development in this coun- 
try, much serious work is being done 
on low-temperature carbonization in 
England and Germany, and it is 
claimed that one or two processes at 
least — the Coalite process in England 
and notably the K. S. G. process in 
Germany — are on a commercial basis. 
The latter is operating at Essen on 
a considerable scale, and a plant to 
handle 500 tons of raw coal a day is 
now under construction in South Wales. 

The special type of retort developed 
for the K. S. G. process consists of a 
double revolving drum, the outer shell 
of which is 10 feet in diameter and 
76 feet long. The inner shell is of the 
same length, but only 5 feet 8 inches 
in diameter. The retort is slightly in- 
clined and surrounded by brick work. 
The coal is fed into the inner drum at 
its lower end and as the retort slowly 
revolves is gradually raised by cleats 
to the upper end, where it is delivered 
to the outer shell, within which it 
passes downward to the lower end and 
is there discharged as dense, hard 
lumps. The external retort is heated 
by producer gas, whereas the inner 
one receives only such heat as is trans- 
mitted through the coal in the outer 
drum. The coal in process thus re- 
ceives a preliminary low-temperature 
treatment before being subjected to 
the higher temperature, which, to- 
gether with the rotary motion, forms 
it into lumps of the character described. 

Tests on American coals with 33-36 
percent volatile yielded semi-coke, 1412 
pounds; tar, 30.6 gallons; gas, 3470 
cubic feet testing 772 B.t.u. and 3.3 
gallons of motor spirit, per ton treated. 


Coal Economics 


The economics of the situation must, 
of course, finally control the develop- 
ment of any method of processing coal. 
The products must be worth more 
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than the raw coal plus the cost of 
processing, though the energy content 
of the total products can never equal 
that of the original coal. We can look 
for profit only through the change in 
form value. 

In England, where homes are heated 


by open grate fires, in which low-priced, . 


raw bituminous coal is burned, the 
householder, who may protest against 
the smoke nuisance created by his 
neighbors, is slow to abate his own 
proportion of that nuisance if it in- 
volves paying more for semi-coke than 
he is charged for coal. 

The problem of low-temperature 
carbonization in England is, therefore, 
the difficult one of operating at such 
low cost and of deriving such values 
from by-products that the semi-coke 
can be sold at substantially the price 
of the coal from which it is made, 
despite a shrinkage of 25 per cent or 
more in weight in passing from coal to 
smokeless fuel. 

In our own country the situation is 
much more favorable, for the product 
of processing bituminous coal is in- 
tended to enter into competition with 
high-priced anthracite. 


Progress and Opportunity 


There is a widespread and growing 
interest in the low-temperature car- 
bonization of coal and increasing ac- 
tivity in the development of methods. 
These are progressively improving as 
the reasons for earlier failures are rec- 
ognized. It is doubtful, however, if 
there is yet in this country a process 
that can be said to have established 
definitely a successful commercial sta- 
tus. It seems, nevertheless, altogether 
probable that within a short time cer- 
tain of the processes now in the devel- 
opmental stage will take an assured 
and important place in fuel technology. 

Raw coal must continue to be for a 
long time to come the most economical 
fuel for large power stations except in 
situations that permit the tying to- 
gether of low-temperature plants, gas 
works and steam central stations, with 
delivery of semi-coke as boiler fuel and 
high B.t.u. gas for gas enrichment. 

The broad opportunity for low-tem- 
perature carbonization is through the 
conversion of the immense available 
amount of cheap slack and screenings 
to high grade domestic fuel. 


Beneficiation of New England Coals 


The fuel problem in New England 
has been for years acute, despite the 
fact that there are great stores of coal 
in Massachusetts and Rhode Island. 
It is true that some people think it 
functions better as material for cru- 
cibles than on the grate, and the wise 
and lamented Professor Shaler did not 
advertise it favorably when he re- 
marked that the safest place to be at 
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the conclusion of the Day of Judgment 
was in a Rhode Island coal mine. 
Nevertheless, even the diamond will 
burn if you go about it properly, and 
so will these New England coals. They 
are very high in ash, but that ash can 
be reduced to 7 or 8 per cent. They 
are very low in volatile, but the volatile 
content can be raised. Both operations 
are in fact now going on. 

We have all, from time to time, in 
recent years, heard much of the Trent 
process. You recall that in that process 
high-ash coal is subjected to wet grind- 

ing and thereafter agitated in a large 
volume of water, to which a moderate 
proportion of fuel oil has been added. 
The oil selectively wets the coal and 
gathers its particles into little balls not 
unlike caviar in appearance. The ash, 
for the most part, remains with the 
water and is washed away. The prod- 
uct of the de-ashing process is a putty- 
like amalgam containing about 8 per 
cent water, 16 per cent oil, and the 
balance as low-ash coal. 

For various reasons this amalgam 
has failed to find acceptance as fuel 
for either domestic or power purposes. 
Quite recently, however, the process 
has been further extended, and the 
results obtained are of the most serious 
interest to New England and to the 
operators of anthracite mines. 

In the process as now applied to 
Rhode Island coal and anthracite culm, 
the amalgam is extruded and cut to 
briquette size. The briquettes are 
then baked under regulated tempera- 
ture conditions, which permit the 
recovery of the major portion of the 
oil. The finished briquettes are equal, 
if not superior, to anthracite as a 
domestic fuel. They are of uniform 
size, dense, very hard, low in ash, and 
with about 8 per cent volatile. They 
ignite readily, burn freely without 
smoke, and hold the fire for a long 
period with maintenance of their 
shape. 

On every hand, improvements in the 
preparation of fuel are being made. 

The speed with which fuel develop- 
ments are proceeding at this time and 
the dangers of prophecy are strikingly 
evident when these results are viewed 
in the light of the statement, made 
only last November, at the Interna- 
tional Conference on Bituminous Coal, 
by so distinguished an authority as 
Marius R. Campbell. 

In his paper on “Our Coal Supply”’ 
Mr. Campbell said regarding the 
super-anthracite fields of southern 
Massachusetts and Rhode Island: 

“In this field, coal has been mined 
from time to time at Portsmouth and 
Providence, in Rhode Island, and at 
Mansfield, in Massachusetts, but none 

of the operations were long lived and 
it is doubtful if the material can ever 
be utilized as a fuel.” 
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Liquid Fuels from Coal 

Of less immediate practical impor- 
tance in this country, though of 
greater interest in its far-reaching im- 
plications, is the process of Bergius for 
the conversion of coal to liquid fuels. 
In the plant at Manheim pulverized 
coal, made into a paste with oil, is 
heated to about 450 degrees Centi- 
grade in an atmosphere of hydrogen 
under a pressure of 1800 pounds or 
more to the square inch. The coal is 
thereby largely converted into oil and 
tar, from which motor fuel, Diesel oils, 
lubricants, and heavy fuel oil are re- 
covered. The crude yields and the 
character of the products are largely 
influenced by the nature of the coal 
used and vary from 93 to 140 gallons 
per ton of dry, ash-free coal. 

As a measure of security in a coun- 
try liable to have its supply of oil cut 
off in time of war the process is one of 
significant value. In the United States, 
with crude oil selling for as low as 
$1.00 a barrel, it has the allurement 
of a long-term endowment policy. The 
possibility of its application to the 
treatment of heavy petroleum residues 
for the production of motor spirit and 
light oil suggests, however, an earlier 
development here. 


Research and Tradition in the 
Gas Industry 


J. E. Bullard has recently pointed 
out that “the real competition in 
which the gas industry is involved is 
that between research and tradition. 
The gas industry has followed tradi- 
tion rather closely. Its competing in- 
dustries have turned toward research 
and are willing to scrap all tradition.” 
He continues, “Unless real research 
work is done and on a scale commen- 
surate to that being done by compet- 
ing industries, then the gas industry 
can take it for granted that it will 
have to relinquish more and more of 
its profitable business.” 

It is a timely warning, for the gas 
industry is entering upon a period of 
great expansion, in which the highest 
technical and scientific knowledge will 
be essential for the solution of the 
problems and the improvement of the 
opportunities which are before it. 

The most significant of the develop- 
ments immediately facing the indus- 
try are perhaps house heating and a 
greatly extended industrial use of gas. 
In both cases gas offers the simplest 
and most reliable of the present sys- 
tems of automatic heating. It can be 
burned at high efficiencies. The dis- 
tribution of gas in underground mains 
is unaffected by weather or traffic 
conditions, and the service is among 
the most dependable of the utilities. 
Use of gas involves the consumer in 
no carrying charges. He pays for his 

(Continued on page 240) 
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Departmental Notes 


AERONAUTICAL ENGINEERING 

The course in aeronautical engi- 
neering has attracted so many stu- 
dents that an increase in the 
staff has been required, and this 
need, together with the necessity 
of replacing Mr. Mac Short, who 
has left to work with an aircraft 
manufacturing company, and 
Mr. L. Morgan Porter, who has 
taken a position in the engine ex- 
perimental laboratory at the Na- 
val Aircraft Factory, has resulted 
in the addition of several new 
men. Mr. Daniel C. Sayre, °24, 
formerly president of the Boston 
Airport Corporation, comes as 
instructor in Aircraft Mainte- 
nance and Rigging, Aero Trans- 
port, and Aeronautical History; 
Mr. E. S. Taylor, ’24, who has 
been in the experimental depart- 
ment of the Wright Aeronautical 





A study of American engineering 
education brings to light two very 
important facts. First, higher educa- 
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Of recent years there has been a 
very rapid increase in the complexity 
of life with the result that the leaders 
of civilization are carrying an 
ever greater and more crushing 
burden. The great need of the 
future is a larger number of com- 
petent men capable of leadership. 
It is the inability of the present 
educational system to supply 
sufficient future leaders that gives 
gravity to the indictment men- 
lea tioned in the previous paragraph. 
This situation is causing much 
concern among the leaders of 
engineering education today. 

No educational system de- 
signed to suit the needs of the 
average student with attendant 
handicapping and stifling of the 
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THE NEW AERONAUTICS BUILDING UNDER 


CONSTRUCTION 


supply the necessary future 
leaders in adequate numbers. 


Corporation, joins the staff to In the background can be seen the first two floors of the new clinic. Therefore at present there is an 


take charge of the Aeronautical 
Engine Research Laboratory; and Mr. 
Manfred Rauscher, ’26, comes as assis- 
tant in aeronautical engineering. 

The new Daniel Guggenheim aero- 
nautical building is well under way, 
and should be completed during this 
academic year. The Aeronautical En- 
gine Research Laboratory is being 
moved into new and larger quarters 
in building 46, and the new equipment 
purchased last year is being erected. 

Some changes have been made in 
the undergraduate course to give addi- 
tional opportunity for the study of 
French and German. These changes 
go into effect with the class of 1930, 
and the two upper classes will finish 
their courses under the old schedule. 
Arrangements are being made for the 
establishment of a Naval Reserve 
Officers Training Corps unit at the 
Institute, in charge of Lieut. W. F. 
Eade, U. S. N. R., a member of the 
staff of the Aeronautical Research 
Laboratory. The unit will be open 
only to students in Course XVI, and 
will be limited in numbers. 


ELECTRICAL ENGINEERING 
DEPARTMENT 

This article is intended to briefly 
consider the underlying factor which 
‘~aused the Electrical Engineering De- 
partment to classify its students into 
sections according to their activity of 
mind. Tnis will outline the hoped-for 
accomplishments of classifying in this 
manner and hence give the faculty’s 
point of view regarding this method 
ineducation. How students should look 
upon this educational evolution and 
plan to use it for their own advantage 
will also be outlined. 


tion is more available to the masses 
than in any other country. Secondly, 
the results of our engineeting educa- 
tional system when measured by the 


most rigid of standards — that is, by 
its accomplishments — are indeed en- 


viable in that the conveniences and 
comforts available to the citizens of 
our nation are second to none. These 
facts should not lead us to feel a false 
sense of satisfaction and _ perfection 
with our engineering educational meth- 
ods. Successful as they are, their as- 
pects should be scrutinized and an 
effort should be made to overcome 
any shortcomings. The most serious 
indictment that can be made of our 
educational system is that it is per- 
haps the ideal pedagogical system for 
the average student. That such a 
condition should exist is perhaps a 
natural result of our appropriate 
national political concept, “equality 
of opportunity for all.”’ 
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Head of the Electrical Engineering 
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evolutionary trend in the more 
progressive and courageous educational 
institutions. This trend is along lines 
designed to allow to each individual 
those educational opportunities for de- 
velopment which are in proportion to 
and will enlarge his natural capacities. 
In this way the exceptional student is 
emancipated from the unjust handicap 
and stifling which often in the past 
have been a source of discouragement 
and discontent; and have even pre- 
vented the suitable development of 
self-reliance, resourcefulness, and intel- 
lectual effectiveness. 

The Electrical Engineering Depart- 
ment at Technology is a pioneer in the 
application of individual recognition 
and has therefore adopted the policy 
of classifying its students on the basis 
of demonstrated ability. Thus we 
have four groups of students: those of 
markedly exceptional activity of mind, 
those somewhat above the average, the 
average, and those below the average. 
The type of class-room instruction for 
the latter three groups is adjusted to 
meet the class requirements. The in- 
struction for the first group, called an 
Honor Group, is entirely individual in 
that class-room attendance is optional 
in all subjects. A special conference 
system is provided for the Honor men 
—this will be discussed later. All 
groups must take the same final exam- 
inations and thus all students are held 
responsible for the same minimum 
amount of work as under the previous 
system of instruction. 

As any student may upon applica- 
tion, provided his past record justifies 
it, be admitted to the Honor Group, it 
is worth while to point out the privi- 
leges and responsibilities attached to 

(Continued on page 242) 
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IN MEMORIAM 


Several months have passed since 
the death of Dean Henry Paul Talbot 
on June 18, 1927, and the student body 
still feels the loss of a close friend. 
After graduating from the Institute in 
1885, he received the degree of Doctor 
of Philosophy from the University of 
Leipsic in 1890. From that time until 
his death, he was directly connected 
with the Institute in an instructing or 
administrative capacity. 

His scientific career was brilliant, the 
true fruit of years of painstaking effort 
and constant study. One of the first in 
America to give instruction in the then 
new science of physical chemistry, he 
contributed much to the development 
of that field. In the realms of inorganic 
and analytical chemistry, he was an 
eminent authority, and his “‘Quanti- 
tative Analysis’ finds the wide use 
which only a text of lasting quality 
may receive. 

Asa professional man, Doctor Talbot 
did much to strengthen the position of 
his calling. At the same time, his aim 
was to make his science of still greater 
service to man. He served on many 
committees organized for the better- 
ment of chemical education, was Pres- 
ident of the New England Chemistry 
Teacher’s Association, and for several 
years was chief examiner in chemistry 
for the College Entrance Examination 
Board. In.the American Chemical So- 
ciety; he played a*major réle, and held 
an important position on several of the 
Jeading professional publications. 

Toward the student, the human side 
of Doctor Talbot was ever turned. As 
Dean, it became his duty to solve the 
problems and bear the burdens of the 
many students who came to him, vol- 
untarily or otherwise, always in trouble. 
His deeply conscientious nature was 

ever ready to demand a full investiga- 
tion before action could be taken, and 
no man ever came from the Dean’s 
office complaining of the lack of a 
“fair deal.” Activities received his 
unbounded endorsement, for he keenly 
appreciated the necessity of play as 
well as work in a man’s life. While a 
member of the instructing staff, he was 
necessarily connected with the more 
serious side of Technology, but no one 
was more enthusiastic than he in en- 
dorsing all forms of recreation and 
body-building sports as essential sup- 
plements to the daily Institute routine. 

Scientist, teacher, and friend, for 
forty years he gave of his best that 
the Institute might prosper, and his 
memory shall be ever cherished by all 
those with whom he came in contact, 
while his name shall be an inspiration 
for Technology men for years to come. 





Editorials 


OUR PROFESSIONAL 
SOCIETIES 

Engineering in its present form rep- 
resents the accumulated experience of 
many minds that have all contributed 
something to the profession. The 
young engineer at Technology studies 
the work that has been done in the 
past, but it is obviously impossible to 
discuss current practice in the class 
room. This lack can only be met 
through the professional society which 
enables the student and the young 
graduate to keep abreast of his pro- 
fession. 

Many of the professional societies 
at Technology are branches of one of 
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the national engineering societies and 
their members enjoy many privileges 
through this affiliation. 

The student has the opportunity of 
attending national and sectional meet- 
ings where he can meet the outstand- 
ing men in his profession on a common 
footing, and can discuss topics of vital 
interest with them. In addition, the 
student receives the periodical pub- 
lished by the society which forms the 
basis of present practice. 

Within a few weeks the professional 
societies at the Institute will begin 
their membership campaigns among 
the different courses, and it is our hope 
that more students than heretofore 
will avail themselves of the oppor- 
tunity presented. It is not sufficient 
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to join an organization, but an active 
interest must be maintained so that 
all may benefit. 

The student branch of the American 
Institute of Electrical Engineers last 
spring was able to send several men 
to the regional convention at Pitts- 
field to present papers on subjects of 
particular interest to them. ‘This 
meeting was of particular importance 
to the members attending, but the 
society and the Institute benefitted 
through the added prestige. 

It is our hope that the other national 
professional societies at the Institute 
will be able to have its members par- 
ticipate in the coming year as the 
Electrical Engineering Society did last 
spring. 

The American Society of Mechani- 
cal Engineers has an annual competi- 
tion for the Charles T. Main award 
which is given to an _ engineering 
student for presenting a paper on a 
specified subject, and the Institute 
would be proud to have one of its 
students a recipient of this honor. 

The newly formed Society of Auto- 
motive Engineers, which played a 
prominent part in our professional 
life last spring, will doubtless hold 
meetings of interest to its members, 
and will thus advance the profession 
for which its members are seeking 
admission. 

All the societies at the Institute, 
whether they are affiliated with a 
national organization or not, can be 
of great service to its members, and 
one gets as much out of a society as 
he is willing to put in. The personal 
contacts which one makes through 
professional society meetings alone 
are worth the time and effort which 
they impose. 

Tue Tecnu ENGINEERING News will 
again devote a page of its issue to the 
affairs of the different professional 
societies, and we shall endeavor to 
publish beforehand the dates of the 
more important meetings so that the 
students may plan to attend, for in 
so doing we hope to advance the pro- 
fessional training at the Institute. 


THE COVER 


This month we again have the 
privilege of publishing one of the 
late Joseph Pennell’s interesting litho- 
graphs. 

This is one of a series made during 
the winter of 1912 at the canal zohe. 

It portrays the approaches to Gatun 
Lock during construction and is typical 
of the work of this great industrial 
artist. 
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Abstracts from the leading professional and trade journals 


‘**Ice Concrete”’ is the name applied 
to a building material invented in Fin- 
land. It is made of cement and sand 
like ordinary concrete, but differs in 
that by mixing it with crushed ice and 
snow it becomes exceedingly porous. 
It is molded into blocks or bricks and 
the moisture evaporated by heating, 
so that a honeycombed structure of 
tiny pores is obtained throughout. No 
water is needed to mix the 
concrete since the necessary 
amount is obtained by melt- 
ing the ice and snow. The 
degree of porosity may be 
varied by varying the amount 
of ice and snow used, and the 
weight of the material is di- 
rectly proportional to the 
number of pores. It is there- 
fore possible, by using as high 
as from 50 to 80 per cent of 
ice or snow, to produce a ma- 
terial which is strong enough 
for building purposes, yet of 
comparatively little weight. 
In the Seandinavian coun- 
tries, numerous structures 
have been successfully built 
of this new material. 


High Speed Motion 
Studies will be greatly sim- 
plified by the use of the chro- 
noteine camera. It can take 
3,200 exposures per second, 
which, when projected at the 
normal rate of 16 per second, 
makes the action 200 times 
slowerthanthe original move- 
ment and 20 times slower 
than the usual “slow motion”’ 
pictures. The camera requires 
200 feet of photographic film per sec- 
ond, having a speed equivalent to 136 
miles per hour. As the pictures are 
taken with a high degree of accuracy, 
it is possible to study the movement of 
objects which are far too fast for the 
eye to follow. 





The Fairchild-Caminez Engine 
is now receiving a great deal of atten- 
tion in the aeronautical industry. For 
several years it has been the subject 
of experimentation, but after success- 
fully passing a fifty-hour test run early 
this summer, it has been placed in 
production with the stamp of approval 
of the Department of Commerce. 

The engine is of the four cylinder 
radial air cooled type, and marks a 
new development in airplane engine 
design. Instead of a crankshaft, as is 
commonly used, a large cam is em- 
ployed to transmit the reciprocating 





motion of the pistons into the rotary 
motion of the propeller. Rollers under 
the pistons ride directly on the main 
cam, and thus connecting rods are 
eliminated. Adjacent pistons are con- 
nected by links so that the rollers are 
always in contact with the drive 
cam. 

A four stroke cycle is used, each 
piston completing a power stroke for 
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SECTIONAL DRAWING OF CAMINEZ ENGINE 


The location and relative motion of the main cam and pistons is clearly 


shown 


every revolution of the drive shaft. 
Since there are but two power strokes 
per revolution in the crankshaft type 
of engine, the Caminez engine ha’ the 
advantages of a geared engine without 
the difficulties encountered by the 
addition of reduction gears with the 
attendant increase in weight and me- 
chanical complications. It is therefore 
possible to operate the propeller at a 
much lower number of r.p.m., obtain- 
ing greater efficiency on power output 
and marked improvement in climbing, 
taking off, and cruising radius. 

A study of the engine will show that 
the motion of the pistons in opposite 
cylinders is identical with respect to 
the engine axis. This means that the 
inertia forces are in constant equi- 
librium and perfect running balance 
with elimination of vibration naturally 
follows. The number of parts has been 
greatly reduced by the introduction of 
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this simple design, and the reliability 
of the engine greatly increased. 

As built at present, 135 h.p. is devel- 
oped at 1050 r.p.m. with a total weight 
of 340 pounds. Plans are being made, 
however, for a sixteen cylinder engine 
of the same type, which will develop at 
least 600 h.p. 


Photographing the Sun’s Co- 
rona is one of the prob- 
lems which the British Astro- 
nomical Association has set 
itself. to unravel. 

Since discovering, during 
the recent eclipse of the sun 
in England, that the corona 
was visible fully three min- 
utes after totality, the Asso- 
ciation has devoted its entire 
attention to the question. 
The proposal at present is to 
take instruments to the sum- 
mit of one of the Swiss Alps 
and attempt to photograph 
the corona in broad daylight. 
It has been conceded that the 
experiments, if successful, will 
be a tremendous step forward 
in probing the secrets of the 
corona and even of the sun 
itself. Up to the present, 
these have been virtually a 
closed book to man. 

The opinion is that in clear 
air at an altitude of ten thou- 
sand feet when the sun is high 
in the sky, the lowermost and 
brightest part of the corona 
can be photographed if cer- 
tain precautions are taken. 
It is planned to use a cir- 
cular disk which will shield 
the actual image of the sun from the 
lens. The diffused sky light will be 
reduced by the use of filters. The 
diffusion will then be further reduced 
to a minimum by employing a simple 
spectacle lens instead of a complex 
photographic lens and plain glass sur- 
faces instead of silvered glass mirrors. 

Should the experiment succeed, the 
study of the corona, instead of being 
limited to five or six minutes every few 
years, will be able to be carried out 
every fine day. 


The Baker River Dam, part of a 
famous Pacific Coast hydro-electric 
development, has been raised 30 feet 
to provide for the additional storage 
of 60,000 acre-feet of water storage. 
The increase in height makes possible 
an increased output of approximately 
12,000,000 kw-hr., which will be used 
during the low-water periods in the 
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RAISED SPILLCREST OF DAM 
The new piers support the 12-foot floodgates. 


early fall and the middle of the winter. 

When the dam was originally con- 
structed, an additional 12 feet of reg- 
ulation was provided by floodgates 10 
feet wide and 12 feet high, set between 
concrete piers 29 feet high on the top 
of the dam across its length. To raise 
the spill crest, it was merely necessary 
to fill in solid masonry between the 
piers and then erect a similar set of 
piers to carry the floodgates at the 
level thus established. 


Lining Steel Pipe with concrete 
can now be done by centrifugal means. 
The sections of pipe are fitted with 
end rings which revolve on the surfaces 
of machined runner wheels of the spin- 
ning machine. When the concrete is 
poured, the pipe is revolved just fast 
enough to distribute the somewhat plas- 
tic material uniformly inside the pipe. 
The speed is then increased and the 
pipe spun rapidly. As the speed in- 
creases, the large and heavier particles 
of the concrete move toward the inside 
surface of the pipe, while the finer ma- 
terials form a smooth surface coating. 
The pipe is rotated until the concrete 
is said to be set, and then a polishing 
bar is used to remove any small irreg- 
ularities. Finally, it is spun a few 
minutes to dry the inside. The setting 
of the lining within the pipe should 
not be confused with the setting of 
concrete. The latter is entirely a chem- 
ical action taking place over a period 
of time, while the former is believed 
to be almost, if not entirely, a physical 
change of state. 

It is claimed that a pipe lined with 


THE TECH ENGINEERING NEWS 


concrete in this manner will be highly 
resistant to the corrosion and incrusta- 
tion caused by certain acidic and min- 
eral waters. 


Melted Sulphur can be readily used 
as a heating medium in the modern 
laboratory. By the use of a double 
boiler, with the sulphur between the 
inner and outer jackets, practically 
any temperature between the melting 
point of 120° C. and the boiling point 
of 445° may be maintained. A range, 
therefore, of 325° is available, and 
since sulphur is inexpensive, non-toxic, 
and not subject to material loss through 
vaporization, there is much to recom- 
mend it. Except in its viscous stage, 
convection currents are active in the 
molten mass, and a uniform transfer 
of heat to the inner container is pos- 
sible. Cast iron, aluminum, and sheet 
steel can all be used in direct contact 
with the molten sulphur without cor- 
rosive effects. 


Laying a Culvert under a heavily 
travelled road has always been a prob- 
lem, for not only must the surface of 
the highway be torn up, but traffic 
must necessarily be delayed. A Texas 
engineer, however, has devised a 
method which does away with these 
attendant disadvantages. A_ trench 
was dug outside of and at right angles 
to the pavement, rather deeper and 
wider than it would ordinarily be made. 
In the trench was set up the section of 
pipe to go under the road, having at 
its front end a pair of cutting blades 
connected through the center of the 
pipe to a gasoline engine. Blocking 
and a three-ton jack were used to keep 
the end of the pipe forced against the 
earth, while the rotating cutting blades 
cut away the dirt ahead and a worm 
conveyor carried the soil removed back 
to the rear of the pipe. The rig is one 
which is easily set up, and seems to 
offer a satisfactory way to eliminate 
present difficulties. 


An Artificial Glass named “Pollo- 
pas” has recently been announced in 
Vienna. Unlike ordinary glass, it is 
an organic compound composed of 
urea and formaldehyde. It is per- 
fectly transparent, with a_ peculiar 
brilliancy on its polished surface, and 
possesses unusual strength. When it 
breaks it does not splinter, and, were 
it not for its comparative softness, 
slightly greater than that of calespar, 
it would undoubtedly make good 
windshields. 

Its refractive index varies about the 
same as flint glass, but its specific 
gravity is about one-half as great. It 
is highly transparent to the ultra- 
violet, but does not conduct heat 
very well. 

The fact that it is easily and bril- 
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liantly dyed with ordinary cotton 
cloth dyes, makes it especially useful 
for synthetic jewelry and novelties. 
While it is now priced at $1.80 per 
pound, substantial reductions in cost 
may be expected within a short time. 


A Sensitive Detector of mercury 
vapor. Due to the increasing use of 
mercury in industrial processes such 
as the mercury boiler, catalytic appli- 
cations, and heating operations, and 
because of the extremely poisonous 
effects which mercury vapor has on 
the human system, it was essential that 
a very sensitive detector of mercury 
vapor be found. 

An extremely sensitive detector has 
been found in selenium sulfide. There 
is practically no lower limit to the con- 
centration of the vapor which this sub- 
stance can detect. The method of 
using it is simple. 

The selenium sulfide is coated on 
paper and the coated paper is darkened 
on exposure to the mercury vapor. 
Because the degree of blackening is a 
function of the time of exposure and 
other factors which can be controlled, 
the degree of concentration can be ac- 
cuately determined. A device has been 
perfected which gives continuous and 
automatic registration of the amount 
of mercury vapor in the air. 

The scientific press of late has con- 
tained a great deal of material upon 
the subject of poisoning by mercury 
vapor, and the announcement of this 
new detector comes at a welcome time, 
for the problem is one which presents 
serious difficulties to the average 
laboratory. 
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END OF CULVERT UNDER ROAD 


A gasoline engine, driving the rotary cutting 
blades, removed the dirt ahead of the pipe. 
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STANDARDS AND TESTS FOR REA- 
GENT AND C. P. CHEMICALS. Bensamin 
L. Murray, Second edition. D. Van Nostrand 
Company. Price $5.00. 

This interesting and valuable text has been 
prepared to give the research, analytical and 
control chemist an appropriate estimation of the 
purity of reagent and C. P. chemicals. It. is 
therefor primarily intended for reference and is 
essentially a calibration of the chemicals used in 
industry, particularly those produced success- 
fully on a commercial scale. The specifications 
are real and not those of an idealist. 

Rather full descriptions of the physical prop- 
erties of the chemicals are given together with 
the action of air and light, precautions to be 
used in storing, statement of uses, and prepa- 
ration of the ordinary stock laboratory solutions 
where such preparation is more than solution of 
the chemical in water. Statement is also made 
of the “Maximum Limits of Impurities” and 
methods of testing for these impurities. These 
tests are simple and to the point and are so ar- 
ranged that the chemist is encouraged to make 
the tests on his reagents. 

The second edition has introduced much new 
data from information gained from laboratories 
where the book has been regularly used. The 
author also calls attention to the introduction cf 
new specifications for over two hundred “‘chem- 
ically pure” chemicals. To the reviewer this is 
a valuable addition to the book as there has 
always been a decided lack of agreement among 
chemists as to the quality to be expected in 
C. P. chemicals. The statement “C. P.” in 
many cases had no significance except to imply 
the purest grade compared with others. 

The author is exceptionally well qualified to 
complete such a work, being associated with 
Merck & Company in charge of the control of 
their vast output of chemicals. The book is an 
excellent piece of work and will be invaluable to 
the chemist who “sharpens his tools” at regular 
intervals. 

L. F. Haminton. 


ROTARY CONVERTERS, THEIR PRIN- 
CIPLES, CONSTRUCTION AND OPERA- 
TION. By E. P. Hm, M.Sc. Tech. (Vict.). Pub- 
lished in America by D. Van Nostrand Company. 
Price $8.00. 

The author was formerly chief of Dynamo 
Test at the Metropolitan Vickers Electric Com- 
pany, and, later, Assistant Designer in the Plant 
Engineering Department. The book, written for 
operators and from a commercial viewpoint, 
shows the result of Mr. Hill’s experience in test- 
ing and designing. While the theory is meagre 
and contains nothing new, it is sufficient to 
explain the characteristics of operation. 

In order to explain the operation of different 
parts of the machine and the attention that 
should be given the various details, Mr. Hill has 
put in a chapter on the manufacture and con- 
struction of converters. An example of the extent 
to which detailed explanation is carried is his 
treatment of the advantages of using a leading 
brush angle. Several pages are devoted to the 
theoretical discussion of this point, in which he 
goes into the theoretical mechanics as well as the 
electrical aspect of the problem. Of course, Eng- 
lish engineering practice is described throughout 
the book, the American practice being only cas- 
ually referred to. Fifty-cycle rather than sixty- 
cycle machines are described. Sixty-cycle is prob- 
ably the more common frequency in America, 
although many of the large installations on the 
Pacific Coast are for fifty-cycles. 

The design and layout of stations, together 
with the British law on the subject, as set forth in 
the “‘Factory Acts,” is followed by information 
for the assembly, erection and drying out of the 
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machines. Even such a detail has been worked 
out as the tension on the cables used as slings for 
hoisting the rotor into position. Unusually com- 
plete directions are given for making installation 
and acceptance tests. The diagnosis and cure of 
the more common “troubles” in connection with 
rotary converters is tabulated and explained in 
much the way that Miles Walker has treated 
“‘troubles” of electrical machinery in general. 
A chapter is devoted to the different methods 
of regulating and controlling voltage. Vectors, 
curves and algebraic equations have been freely 
used in this connection. The author is a firm 
believer in the reactance method of control and 
devotes an unusually large portion of the book to 
advocating this method. The chapters on auxil- 
iary devices, especially in connection with auto- 
matic substations, are particularly interesting 
and instructive. This is one of the few books in 
which automatic substation practice and equip- 
ment are dealt with adequately. Because trans- 
formers usually constitute such an important 
part of the auxiliary apparatus, a whole chapter 
is devoted to tHe structural details of trans- 
formers, and the advantages and disadvantages 
of different methods of connection to the con- 
verters. 

From the character of the theory and funda- 
mental principles given, one would judge that 
the education of the average operator of sub- 
stations in England is much more advanced than 
that of the man occupying a similar position in 
America. Trigonometry and Calculus are used 
rather freely throughout the text. The average 
American operator would find difficulty with this 
kind of treatment. For this reason the book is of 
more value to the American student and engi- 
neer than to the operator. 


W. H. Trste. 


THE HISTORY OF THE INCANDES- 
CENT LAMP. By Joun W. Howe and 
Henry Scuroeper. 208 pages. The Maqua 
Company, Schenectady, New York. 

Within the covers of this rather small book, 
the authors have succeeded in describing, in a 
manner which leaves nothing to be desired, the 
entire history of our familiar electric light. The 
first chapters are devoted to the detailed pres- 
entation of the evolution of the lamp as a whole, 
and the development of electricity insofar as it is 
related to lighting. ‘It begins with the discovery 
of static electricity by Thales’ and Gilberts’ ex- 
periments with magnetism, and describes fully 
the work of the early investigators. The early 
developments of electrokinetics, with the Voltaic 
pile, batteries, and the first dynamos are also 
treated at length. The first experiments with 
incandescent lamps, of which there were a great 
number, are taken up in turn. 

The second chapter is devoted to Edison’s in- 
vention of a practical lamp and a complete light- 
ing system, and their commercial introduction. 
It describes the equipment of the Edison lab- 
oratories, and their steady growth as the work 
progressed. The intermediate problems encoun- 
tered, and their ultimate solutions, such as the 
development of the “multiple” system of dis- 
tribution and the constant voltage dynamo, are 
well brought out. The authors, in several well- 
worded paragraphs, clear up the misconception 
as to exactly what Edison invented. He was not 
the first man to make an incandescent lamp, but 
he did introduce the first incandescent lamp suit- 
able for general use, operated upon a system of 
general multiple distribution over large areas. 

In Chapter Three, the development of fila- 
ments is explained. In turn, the squirted cellu- 
lose carbon filament, the metallized carbon fila- 
ment, the osmium and tantalum filaments receive 
attention. The ultimate achievement of the 
drawn tungsten filament is arrived at after long 
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experimentation, while the work of Dr. W. D. 
Coolidge is particularly emphasized. 

Chapter Four deals with the vacuum, “get- 
ters,” and the gas-filled lamp. The various 
methods used to produce rarefied atmospheres 
are extensively treated. From efforts to remove 
gases from bulbs, the authors go to the develop- 
ment of gas-filled lamps, and here take up the 
work of Langmuir and the commercial applica- 
tions of this type of light. 

Chapters Five, Six, and Seven discuss respec- 
tively leading-in wire developments, glass con- 
struction, and the base. For the most part, they 
deal with the development of mechanical means 
for large scale manufacture of the various parts 
of a complete lamp. The final chapter, Chapter 
Eight, is on photometry, and mentions various 
methods commonly used to measure the proper- 
ties of a lamp. It then takes up the photo-electric 
cell and its use in mechanical photometry, and 
the constant control of quality in production by 
life testing. 

Taken as a whole, the book is one which will 
provide much valuable information for anyone 
interested in the growth of the incandescent 
lamp. It is very complete in scope, paying re- 
markable attention to detail, but it is still so 
well written that it becomes easy reading. The 
arrangement of subject matter is logical, and one 
development seems to follow another in natural 
sequence. The book sets out to present a com- 
plete history of the incandescent lamp from the 
beginnings of electricity to the present time, and, 
from the reader’s viewpoint, covers every angle 
of the long story in a commendable way. 


CHEMICAL ENGINEERING CATA- 
LOGUE, 1927 (Twelfth Annual) Edition. By 
the Chemical Engineering Catalogue Committee 
of the American Institute of Chemical Engi- 
neers, the American Chemical Society, and the 
American Section of the Society of Chemical 
Industry. The Chemical Catalogue Company, 
Inc., New York. 1160 pages. 

This catalogue is a compilation of condensed 
data, standardized, and supplemented by a clas- 
sified index of equipment, supplies, and mate- 
rials. It is used by chemical engineers, works 
managers, purchasing agents, and others con- 
cerned, as a standard of reference when pur- 
chasing anything used in the chemical industries. 

The book is divided into three sections with 
an alphabetical and classified index. These sec- 
tions cover equipment and supplies, chemicals 
and materials, and chemical literature. These 
three sections are arranged alphabetically which, 
in conjunction with the classified index, makes it 
very easy to locate material. The book is pro- 
fusely illustrated throughout. 

A wide variety of fields are covered in great 
detail, embracing such lines of manufacture as 
sugar making and refining, fertilizer, cement, 
paints and varnishes, prepared foods, leather, 
textile bleaching and dyeing, paper and pulp, 
rubber, metals, oils, soaps, extracts, glass, and 
many others. In addition to these is listed the 
enormous output of chemicals and acids for use 
in the industrial market, since the chemical 
industries are also large markets for power plant 
equipment, conveying and elevating machinery, 
power transmission equipment, and construction 
materials. The committee which is selected to 
aid the publication of the catalog is chosen from 
men in all branches of the industry, and in this 
way adequate treatment of every phase of the 
subject is obtained. 

The purpose of the Chemical Engineering 
Catalogue is not to advertise the products be- 
tween its covers, but to inform the vast chemical 
market. It accomplishes this very well, and 
should be on the reference shelves of all those 
who come in contact with its field. 
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Undiscovered country in industry 


The globe’s surface no longer holds 
much undiscovered country, but the 
pioneer-minded man can still find 
plenty of it in industry—particularly 
in the telephone industry. 

In the Bell telephone companies 
throughout the entire country, men 
are now exploring the 1930’s and 40’s 


and 50’s, charting the probable trend 
of population and the requirements 
for service. 

In research and development, and 
in telephone manufacture as well, the 
Bell System takes seriously its respon- 
sibility to give adequate service now 
and to gird itself for a long future. 


BELL SYSTEM 


cA nation-wide system of 18,000,000 inter-connecting telephones 
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are tested by towing them from a small 
electric car moving over a tank 400 
feet long. Thus, the meter moves 
through the water, instead of the water 
flowing past the meter, but both pro- 
duce the same results. 

The big testing machines of the engi- 
neering mechanics section are always 
of interest. The largest of these is a 
vertical machine with a capacity of 
10 million pounds in compression. 
This machine was used to test the 
special columns made for the new 
Delaware River bridge between Phila- 
delphia and Camden. The machine is 
operated hydraulically, oil under a 
pressure of about 3000 pounds per 
square inch being supplied to a cylinder 
52 inches in diameter located below 
the floor. Our large horizontal Emery 
machine does not have so great a 
capacity as the vertical one, but is 
much more sensitive and accurate; in 
fact, it is really a precision instrument. 
This machine is capable of loading a 
specimen to 1,150,000 pounds in ten- 
sion and to 2,300,000 pounds in com- 
pression. Variations of load of only 
one or two pounds can be detected. 

Division VII of the Bureau deals 
with rubber, textiles, paper, and 
leather. In establishing standards of 
quality and performance for materials 
of this kind, it is often necessary to 
study the actual manufacturing proc- 
esses. Frequently such work can not 
be carried out in a commercial plant, 
so the Bureau is equipped with leather 
and rubber machinery, a textile mill, 
and paper-making plant. In some cases 
commercial machinery is used, while 
in others, as illustrated by the paper 
mill, the machines have been specially 
designed. ‘These plants enable the 
Bureau to study carefully the actual 
processes by which materials are manu- 
factured, and often it is able to suggest 
improvements which lead to better and 
cheaper products. New uses for ma- 
terials are discovered and outlets found 
for waste products. Paper has been 
made from all sorts of materials, such 
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(Continued from page 211) 


as cotton linters, sugar cane refuse, 
banana stems, etc. 

As in the case of Division VII, the 
Metallurgical Division is equipped to 
go through all the processes employed 
in the casting, working, and heat treat- 
ment of metals. There is an experi- 
mental foundry, equipped with gas, 
oil, and electric furnaces, rolling mill, 
forging press, draw bench, heat treat- 
ment plant, etc. These machines are 
of medium size and capable of doing 
some real work. Very complete equip- 
ment is provided for the microscopic 
study of the structure of metals, and 
recently the X-ray has been taken up 
as a means for getting at the inside 
history of metals and alloys. In no 
industry, unless possibly radio, are 
high standards more dependent on 
exact scientific work than in metallurgy, 
yet for years most of the processes were 
controlled by “rule of thumb” methods. 

Passing now to the last of the divi- 
sions housed in the Bureau’s plant, 
we may consider as typical of the work 
of the Ceramics Division that on 
optical glass. Before thé war not one 
pound of optical glass was made in 
this country. Our lens makers led the 
world but they all worked with German 
or French glass. When the war came, 
the foreign supply of glass was cut off, 
and our Army and Navy were threat- 
ened with a shortage of all the optical 
instruments which are absolutely essen- 
tial to modern warfare. Your presi- 
dent, Dr. Stratton, who was then 
Director of the Bureau, realized what 
was coming and processes for making 
optical glass were developed at the 
Bureau in coéperation with the Geo- 
physical Laboratory and with manu- 
facturers. The whole difficult tech- 
nique had to be developed, but by 
1917 we were able to produce the 
highest grades of optical glass, and we 
have been making it ever since. Most 
of our glass now goes to the Navy 
Department and is used in gun sights, 
periscopes, range finders, officers’ bin- 
oculars, etc. The glass is melted in pots 


holding about 1000 pounds apiece, and 
the whole process is a most interesting 
and beautiful one. This division also 
deals with chinaware, heavy clay prod- 
ucts, refractories, cement and con- 
crete, lime, gypsum, and enameled 
ware. New uses have been found for 
American clays, and waste in these 
industries through defective ware has 
been greatly reduced. 

The Bureau tests samples of all the 
cement which the Government buys, 
and to expedite this work, three branch 
laboratories are maintained, at North- 
ampton, Pennsylvania, Denver, Colo- 
rado, and San Francisco, California. 
The advisability of somewhat extend- 
ing the work of these laboratories, par- 
ticularly the one at San Francisco, to 
assist Government agencies and states 
in that vicinity is now being considered. 

The Divisions of Simplified Practice 
and Building and Housing are located 
at the Department of Commerce Main 
Building. The former works with our 
industries in reducing the number of 
sizes and the variety of articles in 
common use, so that manufacturers 
can concentrate on those for which 
there is the greatest demand. In many 
industries 90 per cent of the demand 
is for 5 to 10 per cent of the sizes which 
are kept in stock. This results in 
higher prices on all sizes and is a need- 
less waste. Through the work of this 
division 66 varieties of paving brick 
have been reduced to 4; 78 sizes of bed 
springs and mattresses to 4; 1,351 sizes 
of metal files and rasps to 496; 49 sizes 
of milk bottles to 9, etc. Nine impor- 
tant industries estimated their savings 
for one year through this work to be 
nearly $294,000,000. 

The Division of Building and Hous- 
ing codperates with home owners, 
builders, and municipalities in reducing 
seasonal construction, in standardizing 
requirements for building materials and 
plumbing, and in drafting uniform laws 
covering building construction, zoning, 
mechanic’s liens, etc. Large savings 

(Continued on page 246) 
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Explosives are Tools 


Use the right one for each job Du Pont Explosives for 


Road Con i 
Ws constructing highways, explosives should be selected with — 
the same foresight as is used in choosing equipment to meet the RED CROSS EXTRA 
contract’s requirements. Are {you thoroughly familiar with the 1 Strength—20 to 60% 

special explosives designed by du Pont for the building of highways? —will not freeze in weather permit- 












For quick reference by students and engineers, du Pont has pre- ting road building; 

ared a most comprehensive, carefully illustrated, compactly written —will stand water for a short time. 
handbook on the selection and use of explosives. The experiences GELATIN 

f du Pont engineers in various fields over a century and a quarter 2 Strength—20 to 
ys g 90% 


are summed up in the Blasters’ Handbook. Valuable information 
arranged in charts and tables. Coat-pocket size, bound in boards, 
200 pages of practical, everyday help for students and engineers. ie a 


Write today for your FREE copy of the “Blasters’ Handbook.” —practically non-freezing; 


—!| | f i fumes. 
E. I DU PONT DE NEMOURS & CO., Inc. east volume of noxious fumes 
Explosives Department: Wilmington, Delaware 


Du Pont—25 to 90 strengths 


Quarry Gelatin—25 to 75% 
strengths 
—tecommended for open work 
where shattering is required; 
—not adapted to underground work. 











Blasting Gelatin 


—the strongest and quickest explo- 
sives known; 

—absolutely water-proof; 

—NOT low-freezing. 


DU PONT STRAIGHT 
DYNAMITE 
Strength—15 to 60% 

—quick, shattering action; 

—more sensitive than other dyna- 

mites; 
—practically non-freezing; 
—resists water. 
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deck buses. With a double-decker 
weighing in excess of 12 or 15 tons we 
are confronted with a different prob- 
lem and the two-motor drive becomes 
a necessity if platform height is to be 
kept at a minimum and still retain 
adequate ground clearance. 

The simplicity of the single motor 
drive is commendable because it often 
goes together with reliability. It is 
lighter, and lightness is still one of the 
primary requirements of bus design, as 
performance depends upon weight per 
horse power. 

With snow and ice on the ground, 
spinning of one of the driving wheels 
due to lack of road adhesion is less 
evident because of the smoothness of 
the electric motor torque. 

The location of the motor between 
the frame side members protects it 
from water, dirt and dust, as well as 
affording maximum ground clearance. 
The use of the conventional type of 
rear axle reduces the unsprung weight 
and keeps frictional resistance to a 
minimum. 

Low unsprung weight also means 
greater tire mileage. 

It is also possible by interposing a 
driveshaft brake between the motor 
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The Gas-Electric Drive 
(Continued from page 219) 


and rear axle to equalize the braking 
effort of the rear wheels through the 
differential and minimize skidding on 
pavements. This is not readily possible 
when a motor is used to independently 
drive each rear wheel, because when 
the bus is being “braked” no power 
flows through the motors. 

The acceleration performance ob- 
tained with a 30-passenger load is 
better than 1 m.p.h. per second up to 
25 m.p.h. and 2 m.p.h. per second up 
to 15 m.ph. 


Future Developments 

To forecast what the ultimate elec- 
tric drive for bus work should be would 
be nothing short of presumptuous, but 
without joining the army of crystal 
gazers it may be possible to predict the 
trend it should follow from an auto- 
motive point of view. 

First of all, to simplify service prob- 
lems, it would be highly desirable that 
the generator, the motor and con- 
troller be assembled into one unit and 
preferably mounted in the chassis at 
three points. One point would form a 
trunnion support at the front end of 
the generator and a cross member or 
supporting bracket at the motor end 
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would take the torque. This con- 
struction would form a self-contained 
unit, integrally wired, which could be 
replaced quickly in case of failure and 
without the employment of skilled 
labor. 

For total weights, that. is, chassis, 
body and pay load, not exceeding 10 
to 12 tons, it should be of the single 
motor drive, the motor capacity being 
just enough to provide a reasonable 
amount of electric braking when 
needed. Perhaps progressive electric 
braking would offer a better solution 
than the present fixed resistance type. 
To go a step further, it could be oper- 
ated by a foot pedal connected to a 
special braking controller, forward and 
reverse driving positions being ob- 
tained by means of a switch. 

There is a possibility to exclude dirt 
and dust by designing a combination 
unit with enclosed ventilation, by us- 
ing the space between the units them- 
selves and the chassis frame in the 
form of air tunnels, made of high heat 
conductivity material such as alumi- 
num, and well ribbed. The single fan 
should be on the generator shaft to 
provide adequate air circulation when 

(Continued on page 236) 
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Paris Prize 
(Continued from page 221) 


to these from the street and from the 
special automobile entrance below. 
This forms the perimeter of the rear 
section. 

(3) The business and administra- 
tion element is grouped at the rear of 
the building on the first floor and the 
mezzanine above it, and has its special 
entrances. 

(4) The general public reception 
has been placed in the front of the 
building on the public square side. It 
has provision for hearing the programs 
as they go into the air. This unit is 
controlled at one point since the gen- 
eral public is not allowed to visit the 
works except by special permission. 

In keeping with its setting in Wash- 
ington amid other public monumental 
buildings it was thought inadvisable to 
employ an ultra-modern style of eleva- 
tion, so a classical proportion and de- 
tail are preserved in the Greek spirit. 
The building is treated with a marble 
veneer over thin reinforced concrete 
walls, while the dome is of metal and 
designed to express frankly its steel 
framework. The desire was to give 
a true, workable, practical solution as 
well as a beautiful, decorative one. 

There is ample and simple circula- 
tion throughout the building so dis- 
posed as to contribute to its unity. 

Proressor WILLIAM EMERSON, 
Department of Architecture. 
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Sound Analysis 
(Continued from page 222) 


in small steps until resonance occurs. 
The frequency is then determined from 
the value of the inductance and capaci- 
tance existing at the instant of reso- 
nance. The intensity is measured by 
the current value in the resonant cir- 
cuit. This equipment is automatic, 
being operated by compressed air. 
The increase of the capacitance is ac- 
complished in small rapid steps while 
a graphic meter records the magnitude 
and frequency of each component. 
The entire range of sound frequencies 
is run over in about five minutes. The 
form of record which the equipment 
gives is shown in Fig. 3, which records 
the noise in a room picked up by a 
condenser type transmitter. 

The automatic frequency analyzer 
deals exclusively with vibrations of an 
electric current. To use it for the 
analysis of sound, some transforming 
device is necessary to change the 
sound to electrical oscillations without 
distortion. The most satisfactory piece 
of apparatus to accomplish this is the 
condenser type transmitter, It con- 
sists of a thin metal diaphragm under 
tension separated by a small distance 
from a metal plate. The diaphragm 
and plate form the two electrodes of 
an air condenser. It is sensitive and 
accurate over a very wide range of 
frequencies and so is particularly suit- 
able for use with the frequency ana- 
lyzer. 

Having by these means located the 
noise generating element the next step 
is to determine its most prominent 
transmitters. As has been noted be- 
fore, different parts of the car are apt 
to act as resonators for sounds of the 
proper frequency. For each frequency 
existing, there are probably one or 
more parts which are particularly effec- 
tive in making it evident. A stick 
placed against a sound-emitting piece 
often gives a good indication, or a piece 
of hose may be used which will func- 
tion as a speaking tube. Where more 
delicate methods are required, the 

(Continued on page 238) 
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Gas Electric Drive 
(Continued from page 234) 


climbing grades, and prevent power 
loss at high bus speeds. 

To obtain a higher degree of effi- 
ciency and when production will war- 
rant it, frames could be laminated, 
the amount of iron used being just 
sufficient to meet the magnetic circuit 
requirements, the rest of the structure 
consisting of a liberal use of aluminum 
and alloy steels, in other words— auto- 
motive materials. 

The controller should be provided 
with interlocking means to stop the 
inexperienced or uneducated driver 
from shifting the handle and causing 
damage. 

The development of high heat resis- 
tivity insulation would allow further 
reduction in size, weight, and perhaps 
cost of equipment. It would help the 
enclosed self-ventilation scheme men- 
tioned above by having a higher tem- 
perature difference with the ambient air. 

The present shunt generator and 
series motor may be improved by 
further study of windings. I admit 
that it is hard to beat the series motor, 
but its efficient speed range is limited. 
As far as efficiency is concerned, pres- 
ent generators leave room for improve- 
ment and it may be that compound 
wound generators offer possibilities 
not heretofore appreciated. 

For interurban work perhaps a 
smaller self-contained unit with a 
direct clutch, current operated, may 
prove more satisfactory or following 
the present independent motor gen- 
erator scheme a manually operated 
generator field strength control to 
vary the engine as required. 

It is my firm belief that both the 
mechanical and the electric drives are 
here to stay for commercial vehicle 
work, the electric drive fitting where 
smoothness and comfort are the prime 
requirements, the mechanical trans- 
mission whenever efficiency and low 

cost of operation and transportation 
are paramount. 


Presented before M. I. T. Student Branch 
Society of Automotive Engineers. 
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Bell and Spigot Joint 


E Bell and Spigot Joint 

for Cast Iron Pipe,adopted 

over one hundred years ago, is 
the preferred joint today. 


It is tight, flexible, easily made 
and non-corrodible. There are 
no bolts to rust out. ‘It makes 
changes of alignment or inser- 
tion of special fittings a simple 
matter. It can be taken apart 
and the pipe used over again, 
without any injury. It is not 
subject to damage in transit. 
In fact, it embodies practically 


all of the desirable qualities in 


an underground joint. 


The use of this type of joint, 
together with the long life of 
Cast Iron Pipe, makes for ex- 
tremely low maintenance costs. 


THE CAST IRON PIPE PUBLICITY BUREAU 


Peoples Gas Bldg., Chicago 
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PIPE 


Send for booklet, “Cast 
ning a Waterworks Tron Pipe for Industrial 
RY ” which covers Service,” showing in- 





Even the saxophone maker 
uses Brown & Sharpe 
Grinding Service 


MANUFACTURER of saxophones en- 
countered a troublesome problem in 
form grinding the mouthpieces. 

At his request, the Brown & Sharpe 
Grinding Service Department designed a 
pivoted spring fixture, operated by a form- 
ing cam, to givethe correct curvature, With 
this fixture, which is mounted ona Brown 
& Sharpe No. 2 Surface Grinding Machine 
and used in conjunction with a standard 
Wet Grinding Attachment, a substantial 
production of accurately finished parts is 
steadily maintained. 

Ever since the late 60’s manufacturers 
have brought their grinding problems to 
Brown & Sharpe. The vast fund of experi- 
ence gathered during over 60 years is avail- 
able for their benefit and the Brown & 
Sharpe engineers in most cases can plan set- 
ups for them that give faster production 
and lowered costs. 


BROWN & SHARPE MFG. CO. | 
PROVIDENCE, R. 1., U.S. A. 
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Automobile Sound Analysis 


electrical stethoscope, a product of 
Bell Telephone Laboratories is found 
very effective. Briefly this consists of 
a small transmitter used to pick up 
the sounds and a three-stage amplifier 
tojincrease its volume. Filters may 
also be used occasionally to eliminate 
sounds of other frequencies which may 
be masking or drowning out ones that 





FIG. 2. 


are being sought. As a result of such 
a study, complete data would be avail- 
able not only as to the frequency, ampli- 
tude and source of the sound but as to 
its point or points of distribution. 

It is now possible to proceed with 
the actual noise reduction. In general 
there are three possible methods which 


Engineers 


Plotting paper is so much in use 
in need of some. 


Analyzer circuit, schematic view 


(Continued from page 236) 


may be used singly or conjointly. The 
most bas c of these is naturally an im- 
provement in the design of the noise 
producing part so that the amplitude 
of the sound it emits will be reduced or 
its frequency translated to a less audi- 
ble value. While this is the most basic 
method, as a rule it is also the most 
difficult. The second possibility is to 
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change the natural period of vibration 
of the parts that broadcast the sound 
so they will not respond so readily to 
the troublesome frequency. : This may 
be done by weighting or changing the 
length of certain rigid members. This 
scheme was suggested by H. Clyde 
Snook of Bell Telephone Laboratories. 
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The simplest of all noise reduction 
processes is that of absorbtion or dead- 
ening. Rubber, felt, or other absorbing 
materials may be used as buffers to 
absorb the sound as it is generated. 
No scheme is more generally used, as 
is evidenced by the felt strips against 
windows, doors or hoods, which are 
very apt to be noisy. The proper solu- 
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FIG. 3. Noises as detected by condenser transmitter 


tion in each case is an economic and 
manufacturing one. It is impossible 
to point out detailed methods which 
are generally applicable. The sound 
detecting equipment is available; the 
extent to which it is used and the spe- 
cific methods of correction will vary 
with each individual case. 
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Competent Service ~ Confident Owners 


UST a quarter of a century ago four 
J young men, with a broad background 
of training and experience in the engin- 
eering construction field, formed The 
Foundation Company. Today the com- 
pany is at work in every continent, in 
both hemispheres, and on both sides 
of the Equator, on engineering con- 
struction of almost every known type. 


CONDITION OF ELEVATOR AT TRANSCONA, CANADA, WHEN 
TAKEN OVER BY THE FOUNDATION COMPANY 


N order to successfully meet the unu- 

sual engineering problems presented, 
it has been the policy of The Founda- 
tion Company since its inception to 
retain a personnel highly specialized and 
efficient, with initiative and judgment. 
Over one hundred and fifty men with 
over ten years service with the company, 
are now on the rolls; a great fac- 
tor in inspiring repetition of contracts. 

ELEVATOR RIGHTED AND PLACED ON PIERS 


SUNK TO ROCK 


As indicative of the service rendered by The Foundation Company over this 
period of years, these partial lists of repeat contracts have special significance. 
In one case no less than thirty contracts have been awarded by one owner. 


S. S. Wuire DENTAL Mere. Co. GREAT NORTHERN Paper Co. Corn Propucts REFININGCO. 


Factory 1917 Hydraulic Construction 1916 Water Supply 1918 
Power House 1919 Boiler House 1921 Tunnels 1919 
Factory 1926 Power HouseandDam 1922 Industrial Plant 1921 


THE FOUNDATION COMPANY 


CITY OF NEW YORK 


Office Buildings Hydro-Electric Deveropments 
Industrial Plants ATLANTA LOS ANGELES MONTREAL Power Houses 
‘poten pelle PITTSBURGH MEXICO CITY LONDON, ENGLAND : on ty 
ilroads Y Devel, t 
aa je f Fp mana CHICAGO CARTAGENA.COLOMBIA BRUSSELS.BELGIUM ae pond gy 


Filtration and Sewage Plants SAN FRANCISCO _LIMA, PERU TOKYO, JAPAN Mine Shafts and Tunnels 
BUILDERS oF SUPERSTRUCTURES As WELL As SUBSTRUCTURES 
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Impending Changes in Our Use 


fuel after it has been roe Under 
present conditions the householder 
pays more, but he receives more in 
comfort and convenience. In many 
industrial operations, however, the 
greater economy of gas is readily 
demonstrable. 

Since gas has the highest form value 
of any type of fuel, a problem of out- 
standing importance to the gas indus- 
try is that of developing a thoroughly 
commercial method for the complete 
gasification of coal on the grand scale. 
The problem is apparently nearer to 
solution in England than with us. 
There some two hundred Tully plants 
are operating, but they are mostly of 
small capacity, making less than 
500,000 cubic feet per day. In this 
process the coal is first carbonized in a 
vertical retort, set over a water-gas 
generator, into which the coke de- 
scends. The retort is heated externally 
by the blow gas and internally heated 
by the water gas generated during the 
“up runs.” The yield of mixed or 
double gas per ton of coal varies from 
40,000 to 53,000 cubic feet of 350 
B.t.u. 

Among those methods of complete 
gasification which have come into less 


(Continued from page 225) 


general use mention should be made 
of the Kreisa system operating in 
Germany and Austria. It somewhat 
resembles the Tully process, but yields 
a gas of 450 B.t.u., provides for the 
continuous removal of ash, and, in 
place of a boiler for generating steam, 
utilizes a metal checker-work, which, 
heated by the gases of the blow period, 
and thereafter sprayed with water, 
provides, in balanced proportion, the 
steam required for the run. 

In 1925 there were sold in the 
United States 422 trillion cubic feet 
of manufactured gas, whereas only 
112 trillion, if one can apply the word 
“only”’ to figures of such astronomical 
dimensions, were sold in 1905, an in- 
crease of 376 per cent in twenty years. 
With the industry facing a five-fold 
further increase in the next decade or 
two, factors similar to those which 
have determined the integration of the 
production and distribution of elec- 
tricity may be expected to bring about 
a like development in the manufacture 
and distribution of gas. 

Our smaller municipal gas compa- 
nies are too often antiquated organiza- 
tions, without vision, and far from 
realizing, either in their present prac- 
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of Fuels 


tice, or in their preparation for the 
future, the possibilities of the indus- 
try. In many cases their communities 
could be more effectively and cheaply 
served through high-pressure trans- 
mission lines from large central gas 
plants. Natural gas is now piped 300 
miles, and a projected line from the 
Texas Panhandle to Kansas City will 
be 450 miles in length. It is designed 
to deliver 361% billion cubic feet a 
year at a maximum pressure of 450 
pounds. 

In the Chicago district, along the 
Atlantic seaboard, and at a few points 
elsewhere, there exist great markets 
for manufactured gas within much 
shorter distances from the mines. 
There are few locations where ade- 
quate condensing water for super- 
power plants is available at the mine, 
but super-gas works are not subject to 
this limitation. 


Gas Developments Abroad 
We shall do well, therefore, to watch 
the development of projects now under 
serious consideration in Germany for 
concentrating in the Ruhr the entire 
gas industry of the country and effect- 
(Continued on page 244) 
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will help you in your work. 
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Steel Sheets that Resist Rust! 


The destructive enemy of sheet metal is rust. 
It is successfully combated by the use of pro- 
tective coatings, or by scientific alloying to re- 
sist corrosion. Well made steel alloyed with 
Copper gives maximum endurance. Insist upon 


KEYSTONE 


Rust-Resisting 
Copper Steel 


Sheets 





Keystone Copper Steel gives superior service for roof- 
ing, siding, gutters, spouting, culverts, flumes, tanks, and 
all uses to which sheet metal is adapted—above or below 
the ground. Our booklet Facts tells you why. We manu- 
facture American Bessemer, American Open Hearth, 
and Keystone Copper Steel Sheets and Tin Plates. 


Black Sheets for all purposes 
Keystone Copper Steel Sheets 

Apollo Best Bloom Galvanized Sheets 
Apollo-Keystone Galvanized Sheets 
Culvert, Flume, and Tank Stock 
Corrugated Sheets 

Formed Roofing and Siding Products 
Automobile Sheets—all grades 
Electrical Sheets, Special Sheets 
Deep Drawing and Stamping Stock 
Tin and Terne Plates, Black Plate, Etc. 


Our Sheet and Tin Mill Products represent the highest standards of quality, and 
are particularly suited to the requirements of the mining, engineering, and general 
construction fields. Sold by leading metal merchants. Write nearest District Office. 


American Sheet and Tin Plate Company 


General Offices: Frick Building, Pittsburgh, Pa. 
District SALES OFFICES 
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A “passing mark” 
- —and more! 


The Jenkins “Diamond” on a 
valve is a mark that means more 
than “passing.” It is the sign of a 
| valve which has proved its worth 
| in rigid tests before it leaves the 
| factory—tests which allow a wide 





margin of safety. 

Jenkins thoroughness in manu- 
facture begins with the metal, 
which is analyses-checked by 





metallurgists. The castings for 
body, bonnet and other parts are 
sound, flawless—kept so by an 
elaborate system of inspection; the 


Fig. 651 


flanged, Jenkins 


Gate Valve with out- 


machining is precise; the assembly screw and yoke. 


is done with painstaking care. 


Jenkins Valves are made for practi- 
cally every power plant, plumbing, 
heating and fire protection re- 
quirement. 


JENKINS BROS. 


80 White Street.......... New York, N. Y. 
524 Atlantic Avenue......... Boston, Mass, 
133 No. Seventh Street... Philadelphia, Pa. 
646 Washington Boulevard....Chicago, Lil. 


JENKINS BROS., LIMITED 
Montreal, Canada London, England 
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membership in this group. The im- 
portant consideration is that one’s 
educational development is entirely in 
the individual’s own hands. Many 
might be dubious as to assuming this 
responsibility; however, the setting up 
of a definite objective will immediately 
clear up much of the uncertainty. 
Those entering the Honor Group 
should have the ambitious aim of 
ultimately becoming leaders in some 
branch of their profession to the full 
limit of their abilities. The problem 
is one of training for leadership. The 
essentials of engineering leadership 
consist of technical proficiency plus 
certain traits of character. The re- 
quired traits of character are a sense 


Engineers and contractors know that 


BUFF performance is accurate and sure 
— without having to adjust the transit 
once. 


We will, on request, mail a 4-inch high 
Bas-relief of Nickel-silver— being an 
exact likeness of the “Engineer's Best 
Friend” — “the Buff Transit.” 

Write for the BUFF Catalog No. 20M. 


BUFF & BUFF 
MANUFACTURING CO. 


Jamaica Plain, Mass. 
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Departmental Notes 


(Continued from page 226) 


of moral responsibility to your fellow 
men, intellectual integrity, and the 
ability of coéperation. Jt should be 
firmly borne in mind that leadership 
is exercised through character and per- 
sonality; therefore the required char- 
acter traits for leadership are just as 
essential as technical competency. 
The advantage of the Honor Group 
now comes to light. The student hav- 
ing no time limitations imposed by 
rigid schedules and assigned tasks is 
at liberty to study as quickly and as 
deeply as he desires any of his required 
subjects. The spare time which this 
arrangement allows a student can be 
spent not only in a deeper study of 
technical matters but in a study of 
history, biography, philosophy, psy- 
chology, and such subjects as are 
admitted moulders of character. Also 
students should devote some time to 
acquiring the ability to speak con- 
vincingly, write readily and accu- 
rately, since these assets are of distinct 
value to any engineer. The successful 
completion of the scholastic work on 
one’s own responsibility requires the 
exercise of resourcefulness, self-reli- 
ance, intellectual independence, cour- 
tesy, and tact with the result that the 
experience is a great character breeder. 
In order that the Honor Group may 
come into a more intimate contact 
with the instructing staff a special 
conference system has been arranged. 
Each term a member of the staff is 
appointed as the official conferee to a 
certain group of the Honor students. 
In this way students will in due time 
become closely acquainted with many 
members of the staff. It is expected 
that the students will bi-weekly visit 
their -adviser and spend with him an 
hour or two. At these personal con- 
ferences it is proposed to take up per- 
sonal difficulties, discuss recent publi- 
cations, new engineering developments, 
investigational work of note, and those 
subjects in which the student has a 
special interest. For those students 
who have a special interest in some 
particular phase of his work the ad- 
viser will suggest references, arrange 
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for conferences with other staff mem- 
bers, and if advisable will arrange for 
special experimental work. 

These conferences are not the least 
bit formal, the atmosphere is that of 
fellow workers getting together and 
discussing mutual interests. As an aid 
to informality and fellowship it is the 
practice at these conferences to serve 
some light refreshments. From the 
foregoing it is appreciated that the 
appointed adviser each term requires 
much available time for conference 
work and the department in recogni- 
tion of this so arranges his work that 
he has available every afternoon, save 
one, for conferences as a part of his 
regular duties. Other departments at 
Technology are actively codperating 
with the Electrical Engineering De- 
partment by assigning some member 
of their staff to act as special adviser 
to the Honor Group. This arrange- 
ment gives to these students the advice 
and guidance of specialists in all the 
major subjects. 

Through the generosity and interest 
of Mr. Gerard Swope there are offered 
to the Honors students three very 
handsome prizes. These prizes in the 
form of fellowships for graduate study 
are offered to American citizens who 
are students in Physics or Electrical 
Engineering and who are also members 
of the Honors groups in their depart- 
ments. In the Electrical Engineering 
Department the first prize is a fellow- 
ship carrying with it $1000 per year, 
the second, $500. In the Department 
of Physics the fellowship carries with 
it $1000. The fellowship work may 
be carried on here or abroad at any 
institution which meets with the 
approval of the fellowship committee. 
As these fellowships offer unusual edu- 
cational opportunities every Honors 
man should seriously consider becom- 
ing a candidate for these Swope 
Fellowships. 

The records made in the past by 
holders of the Fellowships show that 
the time spent on the work is highly 
justified. 

E. G. Baneratz. 
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Trade-Mark Registered U. S. Patent Office 


CORD 








Made of extra quality cotton yarn, carefully inspected, and guaranteed free from all imperfections of braid or finish. The colored spots 
are our trade-mark, used only with this quality. 
We make braided cord of all sizes, kinds, and colors, for all purposes, including sash cord, clothes lines, trolley cord, signal cord, arc lamp 
cord, and many special cords for special purposes. 


CATALOGUE AND SAMPLES GLADLY SENT ON REQUEST 


AMSON CORDAGE WORKS 2: 88 Broad Street, Boston 9, Mass. 
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“Out of GAS 


GS adopted by research is one important method 





adopted by the gas industry to bring about uni- 
versal use of gas for industrial heating purposes. 


Scientific study is being pursued at such institu- 
tions as the University of Illinois, University of 
Michigan, Johns Hopkins, Massachusetts Institute 
of Technology, American Institute of Baking, 
American Gas Association testing laboratory, and 
in many other institutions, besides the laboratories 
maintained by individual gas companies. 


Science takes nothing for granted. The gas 
industry believes that its product will eventually 
serve for every heat needed, and the purpose of all 
this investigation is to bring about the universal use 
of gas in the most assured manner with the least 
possible loss of time. 


Industrial concerns in all lines of business should 
keep themselves informed on the recent adaptation 
of gas to their own industries. 


Write to your gas company for information, or to 


American Gas Association 
420 Lexington Avenue, New York City 
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Impending Changes in Our Use of Fuels 


ing distribution through high-pressure 
lines. We may find much food for 
thought in the following statement of 
the ambitious program of the Coal 
Utilization Company of Essen: 

“Contrary to press statements that 
the new company is not concerned 
with the chemistry of coal, I must say 
here that its field is unlimited. It will 
use mechanical, electrical and chemical 
methods to arrive at its object. All 
processes which use water, air and coal 
as raw materials belong to the activi- 
ties of this company. Coal which is 
otherwise unsalable must be changed 
to other forms of energy or to other 
materials for which there is a market. 
It is natural that the new company 
cannot begin at once all the methods 
of work. Its activities will be divided 
into those which can be immediately 
applied and those which must be left 
for the future. In the first class belong 
the distant supply of gas, district heat- 
ing, the application of coal distillation, 
gasification and firing of powered coal. 
For the future there are those modern 
chemical processes which have coal for 
their raw material but which require 
further scientific study and which, be- 
fore technical application is possible, 
must be submitted to extensive inves- 
tigation.” 

The modern chemical processes re- 
ferred to are presumably those which 
Bergius, Fischer, and Patart described 
at the Pittsburgh Coal Conference. 
Mention has already been made of the 
first of these. That of Fischer produces 
gaseous, liquid, and solid hydrocarbons 
from water gas, while Patart disclosed 
a method of making acids, alcohols, 
and numerous other series of impor- 
tant organic compounds from the 
same product of the gas works. 

Coke-oven gas is already being dis- 
tributed over a radius of 62.5 miles 





One of the finest textile mills in the word, aie Myf Wi'lam T. Reed Company. 
Several repeat orders have been received f 


(Continued from page 240) 


from the Ruhr. They believe that the 
problem of leakage over much longer 
lines under higher pressures “is en- 
tirely solved by processes for welding 
the gas lines.” 

In the Rhine-Westphalia coal dis- 
trict it is proposed to build a gas- 
collecting system which will extend 
from Hamborn to Hamm, into which 
the several coke-oven plants will 
pump their gas. This pipe line will 
follow the water courses through the 
coal district. The purification of the 
gas will be made at the end of the col- 
lecting system, where there will be 
located the gas holders and compress- 
ing station. Four sections of the main 
pipe lines have been projected from 
the Ruhr district: 

1. Through Bremen and Hamburg 
to Lubeck and Kiel. 

2. Through Hanover and Magde- 
burg to Berlin and Stettin. 

3. Through Kassel and Thiiringen 
to Saxony and later through Lower 
and Upper Silesia and the Saxon min- 
ing district. ’ 

4. A line following the Rhine 
to Hesse, Baden, Wurtemberg, and 
Bavaria. 

It is claimed that the transmission 
of gas in great volume by pipe line is 
much less than the transport of coal by 
rail to local gas works, and in view of 
other savings it is planned to have one 
basic price for gas for the whole coun- 
try. The distant gas transmission will, 
it is believed, be subject to the same 
economic laws as high-tension electric 
transmission. It would be intermingled 
with and unite the communal and 
private concerns, local distribution 
and long-distance transmission. 

In‘connection with this general plan 
much importance is attached to the 
possibility of utilizing cheap oxygen 
in water-gas sets, which would thereby 


operate continuously with a mixture of 
oxygen and steam. Our own studies 
indicate that such a generator might 
easily use 25 per cent less fuel for a 
given output and have twice the 
capacity from a given size. Such 
operation would permit the use of a 
solid hearth with slag removed in 
liquid form, thereby saving grate 
troubles and clinkering and making 
available low grades of coal with a 
low fusing ash. 


Research a Corrective for Waste 


After generations of reckless waste 
in our utilization of the fuel resources 


_of our country we are beginning 


vaguely to recognize the urge of that 
hoarding instinct, which, it has been 
said, marks the dawning of economic 
consciousness in the progress of civili- 
zation. We have only to contemplate 
the situation into which opportunist 
development has brought us, as re- 
gards our coal, our oil, our natural 
gas, and our forests, to realize that 
most of the wastes, delays, and diffi- 
culties which characterize that situa- 
tion are due simply to lack of planning 
years in advance, and to our failure to 
embody in some coérdinated general 
plan those lines of action which are 
well recognized by experts as essential 
to our proper development as an in- 
dustrial nation. 





The United States Naval Experi- 
ment Station has proved itself to be 
a great aid to industry. Although its 
primary purpose is to perform testing 
work for the Naval Bureau of Engi- 
neering, it also determines the actual 
performance and suitability for use of 
a large number of manufactured prod- 
ucts and makes recommendations for 
their improvement. 
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BUILDING CONSTRUCTION 
201 DEVONSHIRE STREET 


BOSTON 


We are organized and equipped for the 
efficient handling of mercantile and indus- 
trial building construction of all descriptions. 
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International Newsreel 


» Viewing a Timken railroad bearing application on display in the baggage car of the ‘‘Pioneer 


Re eat 





| Timken, President of The Timken Roller Bearing Company; Mr. J. T. Gillick, Chief 9 
4 Operating Officer of the railroad; General Passenger Agent W. B. Dixon; and the Engineer 
of the train, Mr. Nicholas Kaiser 





Railroad History in the Making 


A new epoch in railroad history started when 
the ‘‘Pioneer Limited’’ and the ‘‘Olympian’’ 
of the C. M. & St. Paul R. R. entered regular 


service with every car on Timken Bearings. 


Never before, anywhere in the world, have 
any anti-friction bearings been used throughout 
any Pullman train. These famous flyers of the 
Milwaukee Road are destined to make momen- 
tous and enduring railroad history. 


The 88% reduction in starting load due to 
friction elimination only begins to express the 
value of Timken-equipped car journals. Elim- 


THE TIMKEN ROLLER BEARING COMPANY, CANTON, OHIO 


inating wear, hot boxes, and by far the greater 
part of lubrication costs, Timken Bearings with 
their tapered design, Timken-made Electric 
Steel and POSITIVELY ALIGNED ROLLS have 
brought a new day in railroading. 


Asin every other field of engineering, Timken 
Tapered Roller Bearings are effecting both 
mechanical and economic improvement. 
The use of Timken Tapered Roller Bearings 
has come to be a proof of sound, progressive 
design. That is why Timkens are of vital 
concern to all engineers of the future. 
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Balancing Rotors 


(Continued from page 216) 


sensitivity is 100, and the error in 
speed is only one per cent, the angle 
of Jag will differ from 90° by as much 
as 57°. This illustrates the fact that 
marking of the shaft in sensitive bal- 
ancing machines can never be very 
reliable. 

The marking may be more successful 
if the speed is raised above the reson- 
ance speed, where the angle of lag is 
near 180°, but even in this case, the 
marking is obtained with great diffi- 
culty. Apart from the difficulty of 
obtaining a distinct mark at the small 
amplitudes obtainled at these high 
speeds, this method will give a fairly 
reliable indication of the position of 
the unbalance. 

Assuming that the motion of the rotor 
is of the simple type performed by the 
vibrating system in Fig. 4, it is still 
necessary to know the relative value 
of the resonance speed, before any 
conclusions as to the position of the 
unbalance can be formed from the 
position of the mark. But in the actual 
cases of hand balancing the motion is 
much more complicated, and the angle 
of lag will not obey the simple law 
given by Fig. 18. 










WIRE 


star-shaped and all different kinds of shapes of wire, sheet wire, piano 
wire, pipe organ wire, wire hoops, barbed wire, woven wire fences, 
wire gates, wire fence posts, trolley wire and rail bonds, poultry net- 
ting, wire springs, concrete reinforcing wire mesh, nails, staples, tacks, 
spikes, bale ties, steel wire strips, wire-rope aerial tramways. Illus- 
trated story of how steel and wire is made, also illustrated books 
describing uses of all the above wires sent free. 


AMERICAN STEEL & WIRE 











Chicago New York 
Wilkes-Barre St.Louis Kansas City 


Boston 


Cleveland 
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The Bureau of Standards 


(Continued from page 232) 


have resulted from our investigation 
of plumbing requirements for small 
dwellings and through the recently 
issued standardized building code. 
Tables are published each month giving 
building material prices in represent- 
ative cities, and advice is given by 
letters and conferences on_ building 
requirements. 

This covers briefly the various scien- 
tific and technical divisions of the 
Bureau. 

In accordance with the Organic Act 
of the Bureau its services are available 
without charge to the National and 
State Governments, and it is in follow- 
ing out this provision that the Bureau 
acts as the principal testing laboratory 
of the Government. The Bureau’s 
Director is ex-officio Chairman of the 
Federal Specifications Board, which 
has done so much to unify Government 
purchase requirements and much of 
the testing for the Board is performed 
by the Bureau. In the case of private 
tests nominal fees are charged, but 
these fees are not available for the 
support of the Bureau’s work. They 
are turned into the United States 
Treasury. The Bureau is, therefore 


Sales Offices 


Worcester Philadelphia Pittsburgh 


automobile and airplane wires, 
electrical wires,submarinecables, 
bridge-building cables, wire rope, 
telegraph and telephone wire, ra- 
dio wire, round wire, flat wire, 


Buffalo 
St. Paul Oklahoma City Birmingham Memphis Dallas Atlanta Denver Salt Lake City 

Export Representative: U.S. Steel Products Co., New York 

Pacific Coast Representative: U.S. Steel Products Company, San Francisco, Los Angeles, Portland, Seattle 


dependent upon the appropriations 
made by Congress and a comparatively | 
small sum transferred by other depart- 
ments for the maintenance of its 
activities. 

The results of the Bureau’s work 
are made‘ available through several 
series of publications, a monthly 
technical news bulletin, by articles in 
the scientific and technical press, and 
by short items in the newspapers. 

Every effort is made to keep in 
mind the fact that the Bureau of 
Standards is a public service organiza- 
tion, and it is therefore our policy to 
give as wide publicity as possible to 
any worthwhile results growing out of 
our work. Many improved devices and 
processes now in extensive use have 
originated in the Bureau’s laboratories. 

While in working for the Bureau 
there is not the chance for the large 
financial rewards which sometimes 
come to the man in private industry, 
there is a certain satisfaction in occupy- 
ing a position on the staff of one of the 
world’s leading scientific laboratories, 
and in devoting one’s efforts to the 
advancement of knowledge for the 
benefit of all mankind. 
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Roger Bacon was thought to be in league with the devil and thrown into prison 
for bis scientific researches which included the development of gunpowder 


a sd Z ae 
Old and New 


LITTLE less than six hundred years ago, Europe learned of gunpowder. 
Friar Roger Bacon, the “admirable doctor” of thirteenth-century England, 
a Franciscan monk who was finally thrown into prison for commerce with 
Satan, mixed saltpetre, sulphur and charcoal, and made “thunder and lightning” 
to his own great entertainment and his neighbors’ terror. The worthy friar did 
not put gunpowder to more practical use than magic. It never occurred to him 
that, confined, the gases from a flash of powder would exert great force that could 
be applied to many purposes of war and peace. It was not long, however, before 
someone stripped away the supernatural, and in 1346 firearms are said to have 
made their appearance, at the battle of Crecy. Equally early, gunpowder must 
have been applied to blasting purposes. 


From this humble and quaint monastic beginning, explosives have steadily in- 
creased in use and importance. Chemistry has made one improvement after 
another. Engineering has found a multiplicity of new uses. Hercoblasting is an 
example in point. 


E. M. Symmes, an explosives chemist of the Hercules Powder Company, devised 
a new blasting method by which Friar Bacon might have performed real miracles 
for his gaping conternporaries. It is called Hercoblasting. And it consists of 
column-loading black blasting powder of special granulation in well-drill holes 
and firing with Cordeau-Bickford detonating fuse. Where this method is appli- 
cable, it has accomplished remarkable results at great savings. 


Hercoblasting is only one of the new methods at the command of the explo- 
sives engineer. In the list of booklets on the right you will find a wealth of up- 
to-date, practical information that will be of value to you. Check the ones you 
want and mail the coupon. They are free. 


HERCULES POWDER,COMPANY 


(INCORPORATED) 

941 King Street Wilmington, Delaware 
Allentown, Pa. Sales Offices: Pottsville, Pa. 
Birmingham Duluth Louisville St. Louis _ 

alo Hazleton, Pa. New York City Salt Lake City 
Chattanooga Huntington, W. Va. Norristown, Pa. San Francisco 
Chicago {ovlia. Mo. Pittsburg, Kan. Wilkes-Barre 
Denver s Angeles Pittsburgh Wilmington, Del. 
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The scientific research of the Hercules Pow- 
der Company in the use of blasting powder 
gave to the world the modern methods 
of blasting known as Hercoblasting. 


Free Booklets on Effec- 
tive Blasting Methods 


Tear out this coupon and mail it today 


Hercures Powpver Co., 
941 Kino Srreer, 
Wiumincton, Det. 


Please send me, without charge, the pub- 
lications checked: 


(J Hercutes Detonarors 
( Hercures 


Supp.izs 


Exptostves and Brastine 


(0 Dynamrte—Tue New Atappvrn’s Lamp 
( Hercures Brastrnc Macuines 

[] Errect of Cartrince Diameter on the 
Erriciency of Exprosives 

(] Hercures Exectrric Brastinc Caps 

(] Deer Hore Brastine 


[] Praeventine Accipents in Mines and 
Quaraiges 


(1 A Free Sample Copy of The Explosives 
Engineer Magazine. 


Educational Motion 
Pictures at Your Service 






The EXPLOSIVES ENCINEER~ 
FORERUNNER v4 
PROGRESS 


HERCULES ELECTRIG 
BLASTING CAPS 


I should like to show your free educational 
motion picture films in the following size: 
16 m.m. 

35 m.m, 


(C0) “Tue Exprosives Encineer—Forerun- 


ME OF FROGRON” OB. cence cccvctisuces 
(0 “*“A Mopern Hercures”’ on........+¢ 


E.ectric 


OJ “Tue 


Biastinc Caps”’ 


Manupacture of 


GBiidsicenkescntc calaeiep 
Please send me further information. 

NAME 

ADDRESS 


ADDRESS 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASS. 


PA, 


HE MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers 

Courses, each of four years’ duration, in Civil, Mechanical, Electrical and 

Aeronautical Engineering; Naval Architecture and Marine Engineering; 
Mining Engineering and Metallurgy and Geology; Architecture and Architectural 
Engineering; Chemistry, Chemical Engineering and Electrochemical Engineering; 
Biology and Public Health and Sanitary and Municipal Engineering; Mathe- 
matics, Physics, General Science and General Engineering; and in Engineering 
Administration. These Courses lead to the degree of Bachelor of Science. 


To be admitted to the first year class applicants must have attained the age of 
seventeen years, and must satisfactorily fulfill entrance requirements in Algebra, 
Plane and Solid Geometry, Trigonometry, Physics, Chemistry, English, History 
and French or German and two units of elective subjects. Examinations are 
required in all subjects except Chemistry, History and the electives, the require- 
ments for which are fulfilled by the presentation of satisfactory certificates. A 
division of these entrance subjects between different examination periods is 
permitted. 


Entrance examinations are held at the Institute in September. In June appli- 
cants will be examined by the College Entrance Examination Board in Boston, 
New York, Philadelphia, Chicago and many other cities in America and Europe. 
A circular stating times and places is issued in advance by the College Board. 


Graduates of colleges and scientific schools of collegiate grade, and in general 
all applicants presenting satisfactory certificates showing work done at another 
college corresponding to at least one year’s work at the Institute, are admitted 
without examination, to such advanced standing as is warranted by their previous 
training. 


Graduate courses leading to the degrees of Master of Science, Master in Archi- 
tecture, Doctor of Philosophy, Doctor of Science and Doctor of Public Health 
are also offered. Special Research Laboratories of Physical Chemistry, Organic 
Chemistry, Applied Chemistry and Science have been established. 


Correspondence should be addressed to the Institute of Technology. 


PUBLICATIONS 


Catalogue: Bulletins of General Information, Summer Session, and Graduate 
Study and Research; and the Report of the President and the Treasurer. 


Any of the above named publications will be mailed free on application. 


For information, address 


ADMISSIONS OFFICE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE A, MASS. 
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“TR” 


AUDACIOUS ENGINEERS are filling our popular 






publications with descriptions of the cities of 






the future. We have all seen their prophetic 






pictures: tiers of gigantic buildings rising one 
hundred, two hundred, three hundred stories 
above four or five levels of street. 












All the ingenuity of these prophets is re- 
quired to explain away, even theoretically, 






certain problems of construction. IF this 






material can be made to bear so much more 






strain; JF means can be devised to ensure a 
solid foundation — IF, IP. 

























One important detail, however, is always 
taken for granted. “There will be express ele- 
vators,” they say, “from the various street 
levels to the hundredth and two hundredth 
floor.” THERE WILL BE! We find no “if” 
in connection with the elevators. 


For all builders have come to expect a pet- 
fect solution of every interior transportation 
problem, no matter how audacious. As the 
cities of the future are being planned, the OTIS 
COMPANY expects that dependable vertical 
transportation will continue to be taken for 
granted by architects, engineers, and the public. 


Mr. Hugh Ferriss has visioned many outstanding gigantic ‘‘buildings of the 
future.” This reproduction is particularly appropriate at this time and special 
permission has been granted to use this illustration in college publications. 


m2 hs ELEVATOR COMPANY 


Offices in All Principal Cities of the World 





From a painting, © by Gerrit A. Bencker 


Julien Charles Tournier 


We publish his picture as a tribute 
to him and because he typified the 
thousands of men and women who 
have dedicated their lives to elec- 
trical development. _ 


In the life program of Julien Charles 
Tournier, public recognition had no 
part. 


He began as an instrument maker in 
Edison’s laboratory. His forty-five 
years of service to electricity were 
completed in the same work, at the 
Schenectady plant of the General 
Electric Company. 


Heinvented and contributed improve- 
ments to switches, sockets, fuse- 
plugs, and attachment plugs. 


He might have retired, had he 
so chosen, and lived in comfort; 
but his love for electricity was 
his life, and he was content. 


The world will never know their 
names. They have no craving to be 
known. But their devotion is some- 
thing quite beyond theinterest of men 
in ordinary business. They deal with 

a power of vast usefulness. : 


Within the ranks of the General Elec- 
tricCompany aremany suchmen. 
Their spirit is the best assurance 
that electricity will year by year 
findmoreand pei shidhgbe, as 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW 





